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ABSTRACT

The radionuclide contents and their activity concentrations in soil, sediment and water
samples collected from in and around of Rupsha River, Khulna, Bangladesh have been
determined by using a High Resolution Germanium detector (HPGe) of 20% relative
efficiency. A total of 44 samples of three categories were collected and analyzed. The activity
concentrations of 2°Ra, 222Th and “°K in the soil samples of the Rupsha River side area have
been found to be varied from 42.99 + 8.60 to 53.92 + 7.86 BgK g, 64.90 + 6.60 to 94.16 +
6.74 BgKg?! and 581.02 + 77.66 to 1098.50 + 124.90 BgK g’ respectively with an average
value of 50.16 + 7.20 BgK g, 77.23 +7.43 BgK g and 864.63 + 101.69 BgK g respectively.
For sediment samples the activity concentrations of the corresponding radionuclides ranged
between 40.86 + 4.31 to 58.27 + 5.23 BqK g™, 57.60 + 6.84 to 82.78 + 7.50 BgKg?, 578.39 +
74.62 t0 1038.69 + 110.70 BgK g™ respectively with an average value of 50.46 + 6.20 Bg/Kg,
73.99 + 7.56 BgKgtand 881.49 + 100.25 BgK g™ respectively. The results for both the soil
and sediment samples obtained for the corresponding nuclides are dlightly higher than the
worldwide average values of 35, 30 and 400 BgKg?. The activity contents of the water
samples did not show any evidence of enhancement. The calculated average absorbed dose
rates due to these radionuclides in soil and sediment samples have been found as 106.13
nGyh and 105.03 nGyh'%, respectively which is higher than worldwide average values. The
estimated outdoor annual effective dose ranged from 0.11 to 0.14 mSvy! and 0.10 to 0.14
mSvy ! with the mean values of 0.13 mSvy* and 0.13 mSvy for soil and sediment samples,
respectively. The values of radium equivalent activity in almost all the samples were less than
370 BgKg?. On the other hand, the values of external hazard index for soil and sediment
samples varied between 0.52 to 0.67 and 0.49 to 0.67 with the average values of 0.61 and
0.61, respectively. The vaues are less than unity in al the samples that indicate the non-
hazardous nature of the samples and there is no possibility of immediate health effect on the

workers, public and environment.
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CHAPTER |

I ntroduction

1.1 General Introduction

Radioactivity and radiation are part of the earth’s natural environment. At the very beginning
when there were no sign of lives in the universe, still was full of radiation (Kannan et al.,
2002). All the congtituents of our environment such as soil, water, air and many other
constructing materials e.g. brick, cement, wood etc. contain varying amount of radioactivity.
Studies on radiation levels and radionuclide distribution in the environment provide vital
radiological baseline information. Such information is essential in understanding human

exposure from different sources of radiation.

The applications of radiation have become part and parcel in human life. We receive
radiation emitted from the floor and walls of our homes, food we eat and drink, and the air we
breadth. The concept of technologically enhanced natural radioactivity was introduced in the
mid-seventies. It represents the unintentional exposure to natural sources of radiation which
would not exist without the technological activity (UNSCEAR, 2000). Main sources of
radiation are: (a) Radioactive substance in the earth crust (b) Cosmic rays from outer space
which bombard the earth (¢) Cosmogenic radionuclides produced by cosmic ray interactions

(d) Trace amounts of radioactivity in the body (€) Human produced radionuclides.

Radionuclides become a part of the soil in three ways: (i) as part of Earth’s original crust
(primordia radionuclides) (ii) produced and deposited by cosmic ray interactions
(cosmogenic radionuclides) and (iii) through man-made releases (man-made radionuclides
and activities). Natural radioactivity is widespread in the earth environment and it exists in
various geological formations such as earth crust, rocks, soils, plants, water and air. The total
background radiation in the earth’s environment is due to the contributions from natural
(cosmic and terrestrial) as well as artificial (fall-out from nuclear weapon test, nuclear
accidents, discharge from nuclear reactors etc.) radiation sources. Soil provides a direct
source of radioactivity in food chain due to its uptake by agricultural plants. The radioactivity
caused by radionuclides can transfer from soil, water and air to plants, trees and other
biological elements and finally to human body. The natural radioactivity in the environment



is the main source of radiation exposure for human body. Natura radionuclide in soil,
sediment and water contribute a significant amount of background radiation exposure to the

population through inhalation and ingestion as well as through direct external exposure.

The main contributor radionuclides responsible for human exposure are ?°Ra, 22Th and “°K
and these radionuclides in the solid and liquid samples are not uniformly distributed and vary
from region to region (Miah et al., 2012). Therefore, the knowledge of their distribution in
soil, sediment and water play an important role in radiation protection activities (Rani and
Singh, 2005; Kannan et al., 2002). The radioactivity concentration of these nuclides above
permissible level is very harmful to the human body. Therefore, measurement of natural
radioactivity in these e ements and the radiation doses arising from these radionuclides are of
great interest to the researchers which have led the nationwide surveys throughout the world
(Asimov, 1957; Zhang, 2012). Soil contains natural radionuclides of wide range of activity
levels. This radioactivity can be transported to the earth surface by severa processes
including tectonic movement, volcanic activity, ground water flow etc. The transportation by
groundwater flow and similar mechanism depends on the solubility and chemical reactions of
the radioactive substance and the porosity of the ground (Tchokosssa et al., 2012).

Bangladesh is an agricultural dependent country. Soil, sediment and water are main vita
elements for agriculture. Rupsha is one of the zones for agriculture located at Khulna city of
Khulna division which agriculture are mainly dependent on our area of interest that is Rupsha
river. Industrial activities discharge untreated or poorly treated industrial wastewater, effluent
and even dudge into the surrounding environment which may contain elevated level of
radioactivity. Besides, the farmersin that area are randomly using fertilizers and pesticides in
agricultural lands out of their ignorance. Apparently, a very little work has been done and
almost no significant data are available on the radioactivity contents in the soil, sediment and
water of Rupsha River. Moreover, probable radiologica impact on the people and
environment due to the radioactivity content in these environmental elements needs to be

determined for the radiation protection purpose.

The purpose of this study was to evaluate the radioactivity concentration of soil, sediment and
water samples collected from in and around of Rupshariver in Khulna district of Bangladesh
and to estimate health effect due to the activity of those radionuclides. The data generated in
this study may contribute to determine the baseline database of natural radioactivity in soil,
sediment and water sample in the development of future guidelines in the country for

2



radiological protection of the population. The results of this study can provide valuable
information for risk assessment of the utilization of soil, sediment and water in the region of
Rupsha River, Khulna, Bangladesh.

1.2 Radiation

Radiation is a form of energy which may exist as an electromagnetic wave or quanta.
Travelling through space, it can transmit all or part of its energy on contact to matter.
Radiation of specia interest includes electrons, heavy charged particles, photons and
neutrons. Each of the particles tends to loss energy by interaction with the electrons and

nuclel of matter and each produces ionization in different degrees (Eisenbud, 1973).
lonizing and Non-ionizing Radiation

Radiation is broadly classified into two groups. They are lonizing Radiation and Non-
ionizing Radiation. lonizing radiation is defined as any particle or ray with sufficient energy
removing electron from atoms or molecules (IAEA, Modulel.4 ) i.e. when a radiation
possesses sufficient energy to ionize a neutral atom, the radiation is said to be ionizing
radiation. It has such a high energy that it alters an atom or a molecule permanently. It may
consist of a stream of high energy particles e.g. electrons, photons, alpha particles or short
wavelength electromagnetic radiation e.g. X-ray, gamma ray (Dictionary of Physics, 2009-
10). Theionization energy of an atom and the threshold energy for ionization are different for
different atoms as the threshold energy depends on the nature of the atom. In biological
concern, the effect of ionizing radiation can be very harmful. lonizing radiation is much more
effective and dangerous for living beings than non-ionizing radiation. Clearly the radiation
with energy less than the threshold energy is known to be non-ionizing radiation like
ultraviolet, visible light, infrared, microwaves and radio waves. Non-ionizing radiation can
alter atoms or molecules only for avery short time (Amon and Oberhummer, 2004).

Classification of lonizing Radiation

When aradiation possesses sufficient energy to ionize a neutral atom, the radiation is said to
be ionizing radiation. The ionization energy of an atom and the threshold energy for
ionization are different atoms and the threshold energy depends on the nature of the atom.
Clearly the radiation with energy less than the threshold energy is known to be non-ionizing
radiation. lonizing radiation is very harmful for biological cells. In radioactive phenomenon,
nuclear radiation occurs as a result of spontaneous disintegration of atomic nuclei. These
nuclear changes can give rise to several types of radiation such as- (@) o- radiation, (b) -

3



radiation and (c) y- radiation. y-rays either from isomeric transitions or more commonly an
excess energy following particle emission and interaction conversion of electrons, resulting

from electromagnetic interaction between the nucleus and orbital electrons

|
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Fig 1.1: Alpha, Betaand Gamma radiation penetration
@ Alpha Radiation

Alpha radiation is a coulomb repulsion effect and also a nuclear phenomenon. Alpha
radiation consists of a stream of positively charged particles, caled apha particles, which
have an atomic mass of 4 and a charge of +2 (a helium nucleus). When an alpha particle is
gected from a nucleus, the mass number of the nucleus decreases by four units and the
atomic number decreases by two units. For example (Hendry et al., 2009)
238U92 —>4H@+ 234Th90

Thus an apha particle is a highly energetic helium nucleus that emitted from the nucleus of
the radioactive isotope when the neutron- to-proton ratio is too low. The nuclel, which
contain 210 or more nucleons, are so large that the short-range nuclear forces that forces that
hold then together are barely able to counter balance the mutual repulsion of their protons.
Alpha decay occurs in such nuclei as a means of increasing their stability by reducing their

size. Alpha particles are mono-energetic and energy lies between 4 - 9 MeV.
(b) Beta Radiation

Betaradiation is a stream of electrons, called beta particles. When a beta particle is gected,
a neutron in the nucleus is converted to a proton, so the mass number of the nucleusis
unchanged, but the atomic number increases by one unit. For example (Hendry et al., 2009):
245r 99 — Y1 + BPag;
They are emitted in radioactive decay with various energies ranging from nearly zero to a
maximum energy characteristic of the decaying radioactive isotope. The betarays can travel
afew feet inar but cannot penetrate much beyond the depth of the skin of a person. Hence,
like the a-rays, they are harmful only when they are insde the body. From outside they can



cause only skin burns. Because of the lower mass of B- particles, than o-particles, -
particles (3" & B+) are more penetrating than o-particles.
(c) Gamma Radiation

Gamma radiation is only type of electromagnetic radiations, similar to light but of much
higher energy. The wavelength of gamma rays is much shorter than that of visible light. the
energy of electromagnetic radiation or photon is given by E = hv, where h is the Planks’
constant (6.63x10°3 J-sec), v is the frequency equal to C/A, C being the velocity of light
(3x10® m/sec) and A is the wavelength of the radiation. Gamma rays are emitted in
radioactive decay along with alpha or beta radiations. Gamma rays have discrete energies like

alpharays.
1.3 Radioactivity

Radioactivity may be defined as spontaneous nuclear transformations that result in the
formation of new elements (Cember, 1989), discovered by A. H. Becquerel. Radioactivity is
the term used to describe those spontaneous, energy-emitting, atomic transitions that involve
changes in state of the nuclei of atoms. The energy released in such transformations is
emitted in the form of electromagnetic or corpuscular radiations. In more specific words, it is
found that a few naturally occurring substances consist of atoms which are unstable that is,
they undergo spontaneous transformation into more stable product atoms (Martin and
Harbison, 1979). Such substances are said to be radioactive, the transformation is called
radioactivity and the transformation process is termed as radioactive decay. Radioactive
decay is usually accomplished by the emission of charged particles and gamma rays. All
chemical elements may be rendered as radioactive by adding or subtracting (except for
hydrogen and helium) neutrons from the nucleus of the stable ones (Bhuiyan, 2009). Studies
of the radioactive decays of new isotopes far from the stable ones in nature continue as a
major frontier in nuclear research. The availability of this variety of radioactive isotopes has
stimulated their use in a wide range of fields including chemistry, biology, medicine,

industry, and artifact dating, agriculture and space exploration.



The Discovery of Radioactivity: Early Concept

In 1896, A. H. Becquerel, the father of radioactivity, was investigating the fluorescence of
sulphate, uranium and potassium using a photographic plate. He found that the plate was
affected by certain radiations, irrespective of whether or not the salt was caused to
fluorescence. And thus, Becquerel gave the concept of radioactivity. After that, Marie Curie
investigated this property in a number of minerals containing which she found more active
than uranium itself, and first coined the word radioactivity. In 1898, she and Pierre Curie
discovered Polonium and Radium in collaboration with G. Belmont. Later E. Rutherford
showed that two types of radiation were emitted by uranium, namely the apharays that were
completely stopped by a thin sheet of paper and the beta rays that were much more
penetrating than apha rays. In 1990, P. Villard discovered gamma rays, even more
penetrating radiations. Subsequently, the alpha and beta rays were shown to be ionized
helium-4 atoms and electrons respectively, and the gamma rays to be electromagnetic in
nature i.e. energetic photon (NCR, 1994). Several decades later at 1934, Irene and Frederic

Joliot Curie discovered man-made radioactivity
Radioactive Transformation M echanisms
The mechanism of radioactive transformation can be described by the following points.

Q) Radioactive transformations are accomplished by one of severa mechanisms e.g.
alpha particle emission, beta particle emission, positron emission and orbital electron
capture

2 Each of these transformations or reactions may or may not be accompanied by gamma
radiation.

(©)) Radioactivity and radioactive properties of radionuclides are determined by nuclear
considerations only (e.g. no. of neutrons, no. of protons, excited energy in the nucleus
etc.) and are independent of chemical and physical states of the radioi sotopes.

4) The exact mode of radioactive transformation depends on two factors.

They are asfollows:
@ The particular type of nuclear instability that is whether the neutron to proton ratio is

either too high or too low in the nucleus.

(b) The mass energy relationship among the parent nucleus, daughter nucleus and the

emitted particle.



Classification of Radioactivity
Generaly there are two basic classes of radioactivity according to origin. They are:

i.  Natura Radioactivity and
ii.  Artificial or Induced Radioactivity.

Natural Radioactivity

Natural radioactivity is the result of the spontaneous disintegration of naturally occurring
radioisotopes. It originates from extraterrestrial sources as well as from radioactive elements
in the earth’s crust. It contributes about 90% of the total radiation (Quindos et al., 1992;
Eisenbud, 1987). Besides, natural radioactivity includes radiations from naturally occurring
radioactive elements which arises from the sources external to the body and from the internal
radioactive materials contained in the human body itself. A number of radionuclides
occurring naturally are primordia that is, associated with the formation of the earth. A much
large number of radioactive isotopes that now exist were produced when the universe was
first formed around seven billion years ago. But most of them have decayed out of existence.
The radionuclides which now exist are those that have half-life at least comparable to the age
of the universe. Radioisotopes with half-life less than about 108 years have become
undetectable whereas radionuclides with half-lives greater than 10'° years have decayed very
little to the present time (Bhuiyan, 2009). In most cases, the natural radioactivity on earth
varies only within relatively narrow limits. But in some localities, there are wide deviations
from normal levels owing to the presence of abnormally high concentrations of radioactive
mineralsin the local soil and water. The external sources of radiation are cosmic rays, ground

and the normal building materials while the internal sources are potassium and radium.
Origin of natural radionuclide

Most of the naturally occurring radionuclides are components of three chains of radioactive

elements.
(1) The uranium series originating with 23U,
(2) The thorium series originating with 22Th.

(3) The actinium series originating with 2°U.

Elements of uranium, thorium and actinium series and their daughter products contribute

major portion of the natural radioactivity (Eric, 1965). In addition, there are singly occurring



radionuclides of both cosmic (**C, Na etc.) and terrestrial (*°K, 8'Rb etc.) origin which are

also radioactive and do not belong to any series.
Q) The Uranium Series

The 23U and ?*U belong to the uranium series. About 99.3% of naturally occurring
uranium is 28U, about 0.7% is ?**U and a trace quantity about 0.005% is 2*U. The
Uranium series whose first member is 22U consists of isotopes whose mass numbers
are exactly divisible by 4 and leave a remainder of 2. This series, therefore, is called
the 4n+2 series (Kaplan, 1964).

2 The Thorium Series

232Th is the first member of another long chain of successive radioisotopes, called the
thorium series. It is very commonly found in the earth’s crust. The thorium content in
the earth’s crust is approximately three times than that of uranium (Rahman, 1991).
The mass numbers of all members of the thorium series are exactly divisible by 4.
This series, therefore, is called the 4n series (Cember, 1989).

3 The Actinium Series

The 2®U isotope of uranium is the first member of another series called the Actinium
series. Here, the mass numbers of the isotopes are exactly divisible by 4 and leave a
remainder of 3. This series, therefore, is called the 4n+3 series (Kaplan, 1964). To see
more specific data of the three radioactive series, please follow reference no
(Trilinear, 1957).

Origin of Potassium

Potassium has a very simple form of radioactive decay. Only one of the several natura
isotopes of potassium e.g. “K is radioactive and it has a relative isotopic abundance of only
0.0118%. Hence, among the low atomic numbered naturally occurring radioisotopes (“K,
8Rb, *¥Laetc.), “)K is the most important one from the health physics point of view because
of its widespread distribution in the environment. No significant fraction of the potassium
isotopes takes place in nature and so the radioactivity of potassium is amost constant under
al conditions. It is characterized by a single gamma ray of energy 1.46 MeV. Potassium

undergoes 3.3 gamma emissions per second per gram (Clark et al., 1966).



Artificial or Induced Radioactivity

The term artificial or induced radioactivity refers to the way in which the new radionuclides
are produced rather than to their decay (Kaplan, 1964). Induced radioactivity occurs when a
previously stable material has been made radioactive by exposure to specific radiation. Most
radio activities do not induce other material to become radioactive. The phenomenon by
which even light elements are made radioactive by artificia or induced methods is called
artificial radioactivity.

This artificia radioactivity was discovered by Curie and Joliot in 1934 (wikipedia.org). They
observed that when lighter elements such as boron, magnesium and aluminum were
bombarded with a-particles, there was a continuous emission of radioactive radiations, even
after the a—source had been removed. Their study showed that the radiation was due to the
emission of a particle carrying one unit positive charge with mass equal to that of an electron.
However, in this type of radioactivity, radioisotopes are produced by bombarding nuclei with
nucleon particles in an accelerator or nuclear reactor. A nucleus becomes radioactive when it
changes from a stable, unexcited state to an unstable excited condition. By bombarding atoms
with charged particles of sufficient energy it is possible to raise the nucleus to a state of
instability from which it will decay back to its stable state at a characteristic rate measured by
the half-life. There are a few radioisotopes which emit neutrons. Beryllium has the lowest
neutron binding energy of all the nuclides and is used as a target with both apha and gamma
radioi sotopes.

The exposure for an average person is about 3.6 mSvyr?, 80 percent of which comes from
natural sources of radiation, the remaining 20 percent results from exposure to artificial
radiation sources. Accelerators, reactors, atomic explosion and man-made radioactive sources
are the most important sources of artificial radioactivity. The existing main types of man-
made radiation sources are light sources, radio, TV, power supply lines, cellular phone
network, nuclear medicine, nuclear power plants, nuclear weapon test, commercial products
(e.g. tobacco), fertilizer, luminous watch dials and industrial activities. Most of the man-made
sources belong to the medical sector. For average persons who have had no medical x-rays,
only 3% of their annua radiation dose comes from artificial sources (UNSCEAR, 2000).
Exposures to natural sources of radiation may vary little form year to year and involves the
whole population of the world to about the same extent. On the contrary, man-made sources
may vary significantly with time and the resulting exposures may differ substantially from
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one population group to another. Artificial radioactivity is also known as man-made

radioactivity.

Some induced radioactivity is produced by background radiation, which is mostly natural.
However, since natural radiation is not very intense in most places on Earth, the amount of
induced radioactivity in a single location is usualy very small. Nevertheless, in nuclear
explosions, more than 200 radionuclides are produced with half-lives ranging from less than a
second to many years (Balles and Sallow, 1951). In addition, a number of activation products
arise from neutron activation of weapon materids and the surrounding atmospheric
environment (Strom, 1958) as mentioned earlier. A large number of these radioactive
isotopes are used for purposes in different fields such as physical science, agriculture,
industry, hydrology and medicine. But nonetheless its far-reaching effect can be and is very
dangerous to the population and aso to the individual one. The only series containing
artificial radioactive nuclides is known as the neptunium series. This fourth family of
radioactivity is started with the nuclei ?*4Pu which has a half-life of only 13.2 years and
briefly existed only after its formation (Cember, 1989). The only surviving and also the
terminal member of the neptunium family is the stable bismuth, 2%Bi. This series has derived
its name from the longest lived member of the group, neptunium 23’Np with half- life 2.2x10°
years. Here, the mass numbers of the isotopes are exactly divisible by 4 and leave a

remainder of 1. This series, therefore, is called the 4n+1 series.

The 4n+1 series is adso called the missing series. It is generally considered that the earth is
about 5x10° years old. According to the scientists, if it is assumed, as is probable, that
neptunium was formed at the same time as the earth, then many half-lives have elapsed for
this nuclide and the amounts still present would be too minute as to be beyond the possibility
of detection (Kaplan, 1964). The absence of a naturally occurring 4n+1 series can therefore
be discussed. Even if such a series did exist at one time, its members would long since have
decayed to ?®Bi.

When a nuclear device is detonated, trans-uranium elements are formed through a
complicated series of neutron capture and radioactive decay process. These elements
produced by nuclear weapon tests have been distributed throughout the world on a global
level. In consequences, the interest of physicists and chemists have been greatly aroused and

focused on trans-uranium elements as environmental contamination since their presence at
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relatively high concentrations would represent potential health problems. The major sources

of trans-uranium elements in the environment are stated below (Kim, 1990):

» Global fallout due to atmospheric weapon tests and satellite accidents.
» Loca contamination from close-in-fallout from nuclear weapon tests.
» Accidentsinvolving military aircraft and nuclear power plants.

» Disposal of wastes from reprocessing power plants.
1.4  Background Radiation

Background radiation is the ubiquitous ionizing radiation that people on the planet Earth are
exposed to, including natural and artificial sources. Background radiation is constantly
present in the environment and is emitted from a variety of natural and artificial sources. It is
impossible to decide whether the natural background radiation has been harmful or beneficial
to the development of the human species (Martin and Harbison, 1979). Man has been
exposed to radiation from the environment in which he lives. Because of the cosmic radiation
that continuously bombards the earth’s atmosphere and the existence of the natural
radioactivity in the environment, all radiation detectors record some background signal. The
nature of this background varies in accordance with the size and type of the detector and with
the shielding around the detector. It is often important enough in routine usage so that the
majority of the radiation detectors are provided with some degree of externa shielding to
effect a reduction in the measured levels. The worldwide average background dose for a
human being is about 2.4 mSv per year.

Sources of Background Radiation: Background radiations from random sources can be

conveniently grouped into six categories.

> The natural radioactivity of the constituent materials of the detector itself.

> The natura radioactivity of the ancillary equipments supports and shielding placed in
the immediate vicinity of the detector.

> Radiations from the activity of the earth’s surface (terrestrial radiation), construction
materials of the laboratory, or other far-away structures.

> Radioactivity in the air surrounding the detector.

> The primary and secondary components of cosmic radiation.

> Radioactivity in the human body.
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In addition to the natural sources of background radiation many artificial sources of radiation
have been introduced in the past 80 years. These artificia sources now add a significant

contribution to the total radiation exposure of the population (Martin and Harbison, 1979).
Radioactivity of Common Materials

The radioactivity of ordinary construction materials is taken into account due to the low
concentrations of naturally radioactive elements which is often contained as an impurity. The
most important components are potassium, thorium, uranium and the members of the long

decay chains of uranium and thorium.
Radiation from Terrestrial Sources

The terrestria radionuclides are the non-series single stable nuclei such as “°K, %%V, &Rb,
138|n, 3L g, 1’Sm, Lu and the three radioactive series uranium, thorium and actinium
headed by 23U, 22Th and ??®Ac respectively. The three naturally occurring radio elements
namely potassum (“°K), uranium (>®U) and thorium (**2Th) contribute a major part of
population dose. Potassium undergoes a simple form of radioactive decay, the decay of
uranium and thorium is complex and proceeds sequentially aong a chain of disintegrations
(Rahman, 1991).

Airborne Radioactivity

A measurable amount of background can originate with radioactivity carried by the air, either
in the form of trace amounts of radioactive gases or dust particles (Knoll, 1989). Radon and
Thoron are short-lived gases that originate as daughter products in the decay chains of the
uranium and thorium present either in the soil or construction materials of the laboratory.
Their concentration in the atmosphere can vary significantly depending on the time of day
and meteorological conditions (Okabe et al., 1987). To eliminate the influence of radon on
the background, the volume around the detector can be made air-tight and purged with a
radon-free gas. Airborne dust can contain radioactivity from soil or radon decay products that

can largely be eliminated through effective filtration of the air supply to the counting room.
Cosmic Radiation

A significant component of detector background arises from the secondary radiations
produced by cosmic ray interactions in the earth’s atmosphere. Cosmic radiation reaches the
earth from interstellar space and from the sun. It is composed of a very wide range of

penetrating radiations which undergo many types of reactions with the elements they
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encounter in the atmosphere. The atmosphere acts as a shield and reduces considerably the
amount of cosmic radiation reaching the earth’s surface. This filtering action means that the
dose rate at sea-level is less than at high altitudes. The average dose rate in the British Isles
from cosmic radiation is about 0-5 mSvyr? (Martin and Harbison, 1979). However, the
primary cosmic radiation, which can be either galactic or solar origin, is made up mainly
protons, might also be a small number of eectrons based upon recent studies, plus some
helium nuclei and heavy ions, with extremely high kinetic energies. In their interaction with
atmosphere, alarge amount of secondary particles is produced with energies that extend into
hundreds of MeV range (Knoll, 1989). Some of these radiations reach the earth’s surface and
can create background pulses in many types of detectors. Besides, these radiations expose to
population and environment as well. On the earth itself, the effect of cosmic rays has been
mainly detected in interactions with the atmosphere. 14C perhaps is the first such observed
nuclei (Islam, 2009). Subsequently, *H, 'Be, 1°Be, ??Na and other nuclides have also been

observed.
Radiationsinside the Human Body

The human body contains very small quantities of the radioactive isotopes C and “°K
(Martin and Harbison, 1979). The *4C originates in the atmosphere and results in a dose of 10
uSvyrt in the soft tissue. “°K is naturally occurring radionuclei and contributes about 0-2
mSvyr? to the gonads. An average human contains about 30 milligrams of “°K and about 10
nanograms (1078 g) of *C which has a decay half-life of 5,730 years. Excluding internal
contamination by external radioactive material, the largest component of interna radiation
exposure from biologically functional components of the human body is from “°K. The decay
of about 4,000 nuclei of “°K per second makes potassium the largest source of radiation in
terms of number of decaying atoms “C is present in the human body at a level of 3700 Bq
with abiological half-life of 40 days.

A significant contribution to the radioactivity in the body comes from the gaseous decay
products of the uranium and thorium radioactive series, namely radon and thoron. These
gases diffuse from the rocks and soil and are present in easily measurable concentrations in
the atmosphere. They are breathed by men along with their decay products and are also taken
up by plants and animals with the result that most foodstuffs contain measurable amounts of
natural radioactivity. Of ordinary foods, cereals have a high radioactive content while milk,
fruits, vegetables and water have a low content (Martin and Harbison, 1979). Radiation
pathway into human body is shown in Fig 1.2.
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Fig 1.2: Radiation Pathway into human body

From the available information we find that more than half of the average effective dose
equivaent is due to radon or the short lived radioactive daughters into which it decays. The
total man-made sources contribute less than one-fourth of the naturally occurring background
radiation. But this background radiation is not constant everywhere. It varies with location
because the amount of radioactive materials is different in soil, water and rock. The increase
of cosmic radiation with altitude is al'so an important fact behind this variation. Among other
man-made sources, the largest contribution comes from the diagnostic X-rays. Since the rate
of medical practice is different in other paths of the world, the average levels of medical
exposure also vary throughout the world. About 80% of radiation dose in human body comes
from the background radiation. A calculation shows that 78% of the total exposed radiation
on human body originates in nature, 21% in the medical sectors, X-ray machines, accelerators

etc., and 1:125% comes from the radiation produced from the nuclear power plants.
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1.5 Radioactive Secular Equilibrium

Naturally occurring radioactive nuclides form three series — Uranium, Actinium and Thorium
series. In each series, the parent nuclide decays into a daughter nuclide which decays in turn,
and so on until afinally stable end product is reached.
Let, N1 represents the number of atoms of the parent nuclide A at time t. The decay of the
parent nuclide can be described by the following equation of decay law,
dN1/dt = —N1A1
or, dN1 = —NzAdt

Where, A1 isthe decay constant.
For the daughter nuclide, dN2 = N1A1dt —N2A2dt
Where, the term N1A: represents the rate at which the daughter atoms are formed and N2A2
represents their rate of transformation.
Upon integration,

N' = A/(A2-A1).Na[exp{ -(A1+ A2)t}] + No[exp{- A2t}]
Where, N1 = initial amount of parent present

N2 = initial amount of daughter present
N'= amount of daughter present after time't

At secular equilibrium,
Ao>> A1,
Here, the half-life of the parent is very much longer than that of the daughter.
Conseguently, we get,

AoN2 = A1N1
This means that the activity of the daughter is equal to the activity of the parent. When this
stage has been reached, the substance is said to be in a state of secular equilibrium and
satisfies the following condition.

NyY/T1=No/To=............... = Nnt/Tna = No/Th

Where, Ty, T2, ovveeinennne. , Tnare haf-lives of the respective atoms.
1.6 Radioactive Decay

Radioactive decay is a stochastic (i.e. random) process at the level of single atoms, in that,
according to quantum theory, it is impossible to predict when a particular atom will decay

(Half Life, 2009). However, the chance that a given atom will decay is constant over time.
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For a large number of atoms, the decay rate for the collection is computable from the

measured decay constants of the nuclides (or equivalently from the half -lives).

Natural Decay Series. A number of radionuclides occurring naturally are primordial, that is,
associated with the formation of earth. Some elements having atomic number of or below that
of, lead have one or more radioactive isotopes and al of these may be placed in one or the
other radioactive series. Natural radioactivity includes radiations from naturally occurring
radioactive elements which arises from the sources external to the body and from the internal
radiation materials contained in the human body itself. The external sources of radiation are
cosmic rays, the ground and normal materials whilst the internal source of potassium and
radium. Soils, rocks contain Uranium and Thorium with their decay products. Elements of
uranium, thorium, and actinium series and their daughter products contribute major portion of
the natural radioactivity (Clark, 1966).
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Fig 1.3: Elements of uranium, thorium and actinium series and their daughter products
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1.7 Basic Radiation Safety Criteria

As the use of radiation became more widespread and its serious effects recognized, the need
of establishing permissible levels of exposure to radiation for workers arose. First in 1925,
the International Commission on Radiological Units (ICRU) recommended that the annual
permissible dose of radiation should be one-tenth of the erythematic dose — the acute dose
that just produce visible reddening of skin. In the mid 1930’s the permissible exposure for
whole body X-radiation was set at 1 R/week by the NCRP.

After the world- war |1, routine operations in the atomic energy industry exposed workers to
neutrons as well as radiation from radioactive materials. So one is to work within certain
limits of radiation hazard.

For purposes of radiation safety standards the |CRP recognizes three categories of exposure.

Category 1: For occupational exposure, the ICRP recommends the following annual dose
equivaent limits (ICRP, 1977).

Annual dose equivalent through the whole body

To prevent —
All other radiation workers Pregnant women

Non-stochastic effects (a) 0-5 Sv except to the lens | (a) 0-15 Sv except to the lens

(bone marrow damage, of eye. of eye.
gastrointestinal damage etc.) | (b) 0-15 Sv to the lens of eye.| (b) 0-05 Sv to the lens of eye.

Stochastic effects (cancer,

hereditary effect etc.) 0:05 Sv 0-015 Sv

Here, Sv, namely Sievert, isthe S.I. unit of dose equivalent.
Category 2: For members of the general public, the ICRP recommends a whole body dose
equivaent limit of 5 mSv in ayear (ICRP, 1977). On the contrary, the ICRP made no specific
recommendations of dose equivaent for a population group.

Category 3: No specific limit was recommended by the ICRP for medical exposure. ICRP
recommended that only necessary exposure should be made. These exposures should be
justified on the basis of benefits that would not otherwise have been received (ICRP, 1977).
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1.8  Motivation of the Present Study

Radionuclides are the sources of radioactivity and emit nuclear radiations which have become
a part of our daily lives. The properties of radiations have been widely applied to various
purposes such as medicine, biology, industry, agriculture, and electric power generation. As a
result of the applications of radiation, humans can be exposed to the radiation emitting from
different radioactive sources depending upon their activities and surroundings. Moreover the
radionuclides generated during nuclear accidents could be transported into the environment
below or above the earth surface. They could mix up with the atmospheric gaseous
components and circulated around until they are brought down to the surface of the earth
through rains. The mixing up, transport and setting processes are random in their very nature
and their distributions too are random. As a result the atmosphere such as soil, water,
foodstuff etc are contaminated and the level of contamination varies place to place. It is
important to make studies on the distribution of various radionuclides present in the
environment and the different factors that cause migration of various radionuclides from soil

to food chain and their subsequent transfer to the human body.

The present work aims at determining the concentrations of the natural radionuclides of the
uranium and thorium series and of “°K and a fission product of the environmental elements
from Rupsha River, Khulna. The concentrations of the radionuclides present in the soil,
sediment and water samples are expected to be greatly influenced by the geo-morphological
conditions in the area. The present results will be useful for comparing with other previous
radioactivity measurements for subsequent measurement establishment of a relation about its

impact on the man and the environment of Rupshain Khulna

As such this work would be useful as base line data for the planning and for the future work
of this area. The accumulation of information on natural and probable artificia radioactivity
isof great value for radiation protection. Hence this work is extremely important to carry out
approximately designed program for environmental radioactivity and radiation monitoring

aimed at minimizing radiation exposure to population.
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19 Layout of thedissertation

In this paragraph, an overview and a brief idea of the whole thesis paper have been pointed

out. As a starting,

Chapter 1: includes the most general and important concepts about the thesis topics.
Chapter 2: some important and related previous works, taking place in home and
abroad, have been reviewed. It adso contains all of the theoretica knowledge and
explanations needed to understand the related background of the study and deals with
the effective study of radiological impact of radioactivity on human body.

Chapter 3: describes the sampl e preparation method, |abeling and experimental set up,
calibration of the HPGe detector system and cal culation methods of the experiment.
Chapter 4: the data tables and graphical representations, results and discussion are
presented.

Chapter 5: overall conclusion and suggestions for future work is givenin.
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CHAPTERII

Theoretical Background

21 I ntroduction

To understand the physical basis for radiation and the theory of radiation shielding, health
physcist must understand the mechanisms by which the various radiation interact with
matter. In most instances, these interactions involve atransfer of energy  from the radiation to
the matter with which it interacts with matter consists of atomic nucle and extra-nuclear

electrons. The exposure of the human being to radiation isin part external- from the materials
around him- but it isalso in part internal, by reason of the ingestion of food and water having
some radioactive components and the inhalation of radioactive particulates or gases in the
atmosphere. Human body possesses no biological sensors for radiation. Consequently, severe
damage may be suffered without any realization at the time of irradiation on the part of
exposed subject. So man depends on instrumentation for detection and measurement of
radiation, for this reason, scientists feels the necessity for the assessment of the radioactive
sources in the environment. In the present Study, the natural radioactivity level in the soil,
sediment and water samples collected from in and around of Rupsha River have been
observed. These environmental elements have been collected to observe and compare the
radioactivity in the sample. It will also help to observe the extent of influence of radiation on
the environmental elements around. The measurements of radionuclide in environmental
elements have been done widely, especially abroad, in several countries, and the results on it
have been reported in many journals. A review work on it has been carried out by searching

the recent editions of some journals. Some of the important works are summarized below:
2.2  Review of the Previous Work

1. Tchokossa et al., (2012), surveyed radioactivity content and associated radiological
risks in various soils used for agriculture and building materials in Cameroon by means of a
well-calibrated high purity germanium detector. Soil samples were collected directly from the
agricultural farms and the brick’s factories, air-dried at room temperature to a constant mass,
crushed, sieved and sealed for at least one month before analysis. The specific activity of 222U
ranged from 5.36+0.39 to 51.28+9.67 Bgkg™! with an average of 34.52+7.18 Bagkg?; *?Th
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from 4.03 +1.03 to 24.74+3.10 Bgkg™ with an average of 16.67 +4.28 Bgkg™; “°K ranged
from 16.18+3.11 to 467.40 +50.80 Bgkg® with an average of 186.96+16.21 Bgkg™; while
that of the fallout *3’Cs ranged from 0.00 to 4.79+1.75 Bokg! with an average of 2.32+0.99
Bakg?l; The mean result obtained for the representative levels index (1), the radium
equivalent (Ray,), the total absorbed dose rate (ADR), the external hazard index (He), the

internal hazard index (H;,) and the Caesium intervention levels were 0.52, 72.75 Bgkg?,

33.73 nGyh™, 0.20 Bgkg™, 0.29 Bgkg™ and 0.0028 Bgcm? respectively. The discrepancies of
our data can be attributed to several factors such as past nuclear disasters, geological
formation, transport process, etc. Although our results are just some fractions of the
international standard limit, but still within the same ranges when compared with those
obtained elsewhere. These results also will serve as a baseline data for future investigations.

2. Lu et al., (2012), determined activity concentrations of natural radionuclides ??Ra,
232Th and “°K in soil around Baoji second coal-fired thermal power plant of china using
gamma ray spectrometry. The mean activity concentrations of Ra, 22Th and “°K in soil
were found to be 40.3%3.5, 59.6+3.1 and 751.2+12.4 Bgkg!, respectively which are all higher
than the corresponding average values in Shaanxi, Chinese and world soil. The radium
equivalent activity Rae, the air absorbed dose rate (D), the annual effective dose (E), the
external hazard index Hg, and internal hazard index H;, were evaluated and compared with

the internationally reported of reference values. All the soil samples have K, lower than the

limit of 370 BqKg™' and H,, and Hi, less than unity. The overall mean outdoor terrestrial

gamma air absorbed rate is ~86.6+3.4 nGyh! and the corresponding outdoor annual
effective dose is 0.106t 0.004 mSv, which is higher than the worldwide average

(0.07mSvY ™) for outdoor’s annual effective dose.

3. Zhonghal et al., (2011), measured the activity concentrations of natural and artificial
radionuclides in the eastern region of Sichuan province (China). One hundred and ninety-
three soil samples from this region were collected and analyzed by high-purity germanium
gamma spectrometry. The measured results show that the average radioactivity
concentrations of ??°Ra, 2%Th and “°K and **'Cs in the soil samples are 26, 49, 440 and 6
Bakg* respectively. The calculated average radium equivalent activity is 130 Bgkg™®; which
is less than the recommended limit of 370 Bgkg?, the absorbed dose rate and annual effective

dose are 60 nGyh'1 and 74 uSv, respectively. This is the first time absorbed dose rate in the

21



east region of Sichuan has been mapped. Overal, the environmenta radiation background is
greater in the Southern part of the area studied than in the Northern.

4 Faanu et al., (2011), The activity concentrations of natural radionuclides ?°Ra, 2%2Th
and “°K in soil, rock, waste and tailing samples were measured by gamma spectrometry using
high-purity germanium detector. In addition, radiological hazard assessments due to these
natural radionuclides were carried out. The average activity concentrations of ??°Ra, 2*?Th
and “°K determined were 13.61 + 5.39 Bqkg?, 24.22+17.15 Bgkg?! and 162.08 +63.69
Bakg! respectively. The average annual effective dose was 0.17+0.09 mSv. The average
radium equivalent activity concentration in the sample was 61.00Bgkg®. The calculated
external and internal hazard indices were less than unity with average values of 0.16 and
0.20, respectively. The result of the 2°Ra emanation fraction varied in a range of 0.51-0.80.
The results obtained show that soil, rock and waste materiads that may be used for
construction of buildings may not pose any significant radiological hazards to the inhabitants
in the study area.

5. Saat et al., (2011), studied the natural radionuclides (?°Ra,>?Th and “°K) activity
concentrations in soil and the corresponding surface doses at eleven locations around UiTM-
Perhilitan Research Station Taman Negara, Pahang were determined to assess the possible
radiation hazard to visitors in that area. The gamma activities and the surface doses were
determined using high resolution gamma- ray spectrometer and portable radiation survey

meter. The mean activity concentrations in the area for 2°Ra, 2%2Th and “°K are 99.13 Bgkg?,

139.98 Bakg! and 598.24 Bgkg* respectively, while on average the doses are 0.215 pS\/hr'l
at one meter from ground. The activities were higher than world average and doses were in
the ranges, while radiation hazard indices were slightly greater than unity in four locations.

6. Mollah et al., (1994), studied the environmental radioactivity in soil samples in
Atomic Energy Research Establishment (AERE), savar areas by using HPGe detector. The
concentration of 40K, 238U and 232Th were in the range 9.99-28.33 Bg.kg-1 and the net
dose resulting from soil concentration varied in the range from 597 puRhr-1 to 8.34 puRhr-1
with an average value of 7.5 pRhr-1. The activities of “°K and U were 19.61 Bqg.kg-1 and
62.53Bq.kg-1, respectively in that agricultural soil.

7. Bose and Mollah measured the radioactivity in non-cultivated soils in Central
Virginia. He obtained of ¥'Cs ,*°K, 232Th and ?**U were in the range 0.3-30.2 Bq.kg?,101 to
492 Bq.kg? 13.4 10130 Bqg.kg!and 25.5t0 103.4 Bq.kg™ respectively.
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8. Alam et al., (1997), measured the activity in soil of Chittagong Hills using HPGe
detector. They analyzed four radioactive nuclides such as 2“Bi, ?%®Tl, ¥¥’Cs and “°K . The
average concentration and ranges are shown in following Table 2.1. This table gives an
average concentration and ranges of 24Bi, 28T, 1¥’Cs and “°K in soil of Chittagong Hills.

Table 2.1: Average concentration and ranges of 2¥Bi, 2%TI, ¥’Cs and K in soil of

Chittagong Hills

2148 (Bq.Kg?l) | 28Tl (Bg.Kg?) | ¥'Cs(Bg.Kg?) | “K (Ba.Kg?
Average (BaKg™) (Ba.Kg™) (Ba.Kg™) (Ba.Kg™)
36.33+15.65 14.72+8.84 2.26 350.96+£113.34
128.22+16.09
Renge 14.78+1.45 6.53;0.19 1.O8tiOO.14 "
081191153 | 39 04+1.42 425:042 | 609.90+49.09
9. Delaune et al., (1986), measured the radio nuclides concentration in Louisiana soils

and sediments using Ge(Li) detector. The results of the radionuclides are givenin Table 2.2.

Table 2.2: Concentration of Isotopes (Bg.kg™) in Louisiana soils and sediments

214ppy | 228pc | 208p; 212py, 2087 Bcg | 212g; 0K

125-

Range | 14-24 | 1-62 12-41 | 13-56 | 12-42 | 1-182 | 14-93 304
Average | 14 36 30 33 30 23 38 472

10.
areas of Basrah, through which site exposure and soil sediments, water sample and |aboratory

Al-Azzawi et al., in 1999 — 2000 performed a follow-up exploration program in some

tests were conducted plus areas where most of the DU contaminated tanks were gathered, on
the banks of Wafaa Al Qaied waterway causing further contamination. Results of this
program indicated the existence of dlightly higher radioactivity in some of the areas but
generadly sand storms and the weathering process contributed to the dispersion of these
contaminants to nearby populated areas. Table 2.3 shows conclusions of the results of these
tests and measurements. The conclusions of the results of these tests and measurements are

givenin thistable.
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Table 2.3: Conclusion of the results

Type of No.A* | No.B** Range of Background Units
measurement Measurements Levels
Exposure 120 17 8.2-11.6 4-7 uR/hr
Soil 120 22 80-788 42-70 Ba/Kg
Surface and 75 - Not detected | Not detected B/l
ground water
Waterway 13 10 50-85 30-40 Ba/Kg
and sediment

* No. A: Number of Samples
** No. B: Number of Samples with Higher Activity

11. Pélsson et al., (2012), worked on global fallout. In the first part of the study, available
global fallout data from 1954 — 1976 for 90Sr and 137Cs were reanalyzed using anaysis of
covariance (ANCOVA) and logarithmically transformed values of the monthly deposition
density as the response variable. In the second part of the study, the behavior of 137Cs in
Icelandic soils was studied. Samples were obtained from 0-5, 5-10, and 10-15 cm depths. The
majority of 137Cs, 82.7% on the average, was retained in the uppermost 5 cm of the soil.
This information was then used in the third part of the study, where precipitation was used to
predict 137Cs deposition density in Iceland, assuming a proportional relationship as has been
done successfully in a number of studies. Lastly, the performance of this traditional model
was compared with the model used in the first part of the study. The aim of the fourth part of
the study was to use the obtained global fallout 137Cs predictions to provide information on
the long-term transfer from soil to cow’s milk in Iceland, many years after deposition. Long-
term transfer rates to milk many years after deposition were high in Iceland compared with
most other reported data.

12. Myrick et al., (1989), determined the background radionuclide concentrations in
surface soil by gamma-ray spectroscopy using Ge(Li) detector. The concentration of 232Th
and 238U were found in the range between 0.10-3.4 pCi.gm? and 0.13-3.8 pCi.gm™,
respectively.

2.3  Theoretical Background of Radiation

Radiation is energy traveling in the form of particles or waves in bundles of energy called
photons. All atoms consist of a nucleus surrounded by a number of electrons. The nucleus
consists of protons and neutrons, with the number of neutrons being dightly larger than the

number of protons for most nuclei. When such unstable nuclei undergo radioactive decay as a
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result we get a new nucleus and different types of radiations. The kind of radiation discussed
in this following section is called ionizing radiation because it can produce charged particles
(ions) in matter. The characteristic of various materials to emit ionizing radiation is called
radioactivity. The operation of any radiation detector basically depends on the processes in
which the radiation interacts with the materials of the detector itself. The conceptual
proceeding on these aspects and the basic unit of radiation and radioactivity has been
discussed below.

24 Gamma Emission

Gamma rays are monochromatic electromagnetic radiations ranging generally from a few
KeV to several MeV that are emitted from radioactive nuclei. The wavelength of gamma rays
is much shorter than that of the visible light. The energy of electromagnetic radiation or
photonisgivenby E=hn =h(c/ 1 ), where h is the Planck’s constant, N isthe frequency;

c is the velocity of light and | is the wavelength of radiation. Gamma rays are emitted in
radioactive decay along with alpha or beta radiations. They are absorbed exponentialy in
materias, but in view of their great penetrating power, only thick blocks of concrete, lead or
other high-density materials can reduce their intensity to small value. The gamma rays can
deliver awhole body dose either from outside or inside the body due to their high penetrating
power. The element does not change due to gamma radiation but will change depending on
the accompanying alpha or betaradiation (Hall, 1976).

2.5 Gamma Ray Spectroscopy

The gamma ray spectrum is defined as the pulse height distribution obtained by gamma ray
spectrometer. The technique of measurements and data analysis of gamma ray spectrum is
called gamma ray spectrometry. It iswidely used in any radioactive material having facilities
owing to its high sensitivity. Also it is an effective measuring method for the environmental
radiation monitoring and for analysis of low-level radioactivity because it has high-resolution
power which enables us to make rapid and simultaneous analysis for many nuclides and has
very small background counts which are included in peak areas of gamma ray. Furthermore,
many samples can be provided for gamma ray measurement by the detector. There are
different types of detectors, which are given in Table 2.4 (Cember, 1989). Among all these
detectors high purity germanium (HPGe) detector has been employed in the present study. It
is able to determine radionuclides both qualitatively and quantitatively. Gamma rays emitted
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from sources interact with the semiconductor device in different manners depending upon its

energy and environment which are discussed below.

In this way the gamma spectra obtained in the personal computer analyzer (PCA) or

multichannel analyzer (MCA) coupled with High Purity Germanium (HPGe) detector system

isthe direct output of the gamma rays interaction with an absorbing material.

Table 2.4: Comparison among different detectors

Detector type Normally Window Useful Typica Peak-to-
Achieved Thicknes Photon Energy Compto
Dimensions S Energy Resolution n Ratio
Achieve Range FWHM
d
Lithium drifted | Planar geometry 0.1 1KeV-60 160-200 eV -
silicom, Si (Li) | Area30-80 mm? KeV (at 5.9 KeV)
Thickness 3-5 mm
High purity p- Planar geometry 0.3 5Kev- 1 160-360 eV -
type Area 30-1000 mm? MeV (at 5.9 KeV)
Germanium Thickness 5-10
(ion implant mm
thin Window)
HPGe Lithium | Coaxia geometry; 300- 50KeV-10 | 1.8-22KeV | upto50
Drifted Sensitive volume 1000 MeV (at1.33 MeV)
Germanium; to provide up to
(HPGe) 35% efficiency
High purity p- | Coaxia geometry; | 300-600 | 40 KeV-10 | 1.8-22KeV | upto50
type Sensitive volume MeV (at 1.33
Germanium; to provide up to MeV)
(HPGe) 35% efficiency
High purity n- | Coaxial geometry; 0.1 5KeV-10 1.7-2.2KeV | upto50
type Sensitive volume MeV (at 1.33
Germanium; to provide up to MeV)
(HPGe) 35% efficiency
2.6 Interaction of Radiation with Matter

In order to understand the detectors used for gamma and x-ray detection and to be able to

select one for a particular measurement, it is necessary to review the ways in which gamma

rays and Xx-rays interact with matter. There are severa processes by which the

electromagnetic fields of a photon interact with an absorbing material. These are classified as
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major, minor and negligible. Table 2.5 gives the classification of photon interaction with

matter (Abani, 1988).

Table 2.5: Classification of photon interactions with matter

Type of interaction
Absorption Scattering
Interaction with Elastic Inelastic
(Coherent) (Incoherent)

Atomic Electron | Photoelectric Effect Rayleigh Compton

t .~ Z* (low energy) Scattering Scattering

~ 75 (high energy) sg~2* |S-~Z
Nucleons Photonuclear Reactions Elastic Nuclear

(y,n), (y,p), (y.f) etc. Nuclear Resonance

S,, ~Z(hn 210 Mev) Scattering Scattering
Electricfield of | Pair Production Delbruck | ......
Surrounding Field of Nucleus Scattering
charged particles | K, ~z2 (hn >1.02 MeV

Field of Electron

Ke~Z(hN >2.04MeV)

The mgjor interactions are

(1) Photoel ectric effect

(2) Compton scattering and

(3) Pair production

As aresult of this processes the emission of electrons occur from the absorber and as these
electrons when passes through the matter, they create electron-hole pairs. Thus the passage of
an ionizing direction through the detector material results in energy dissipation through the
creation of ionization. This creation of ionization is converted into an electrical signal which

isthen amplified by amplifier circuit.
2.7  Unitsof Radioactivity

The radioactivity of a source is defined in terms of the number of disintegration it undergoes

in one second. The associated units of the radioactivity are discussed below.
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Becquere

The S.I. unit of radioactivity is called Becquerel. The Becquerel (Bq) is that quantity of

radioactive material in which one atom is transformed per second.

1 Bq =1 transformation per second = 1 tps.
It must be emphasized that, although the Becquerel is defined in terms of a number of atoms
transformed per second, it is not a measure of rate of transformation. The Becquerd is a
measure only of quantity of radioactive material (Cember, 1989).
For many purposes, the Becquerel is a very small quantity of activity, and multiples of the

Becquerel is commonly used.
Curie

The curie, symbolized by Ci, is the unit for quantity of radioactivity that was used before the
adoption of the Sl units and the Becquerel. The curie, which originaly was defined as the

activity of 1 gram ?*°Ra, is more explicitly defined as:

The curie is the activity of that quantity of radioactive material in which 3.7x10'° atoms are
transformed per second. The curieis related to the Becquerel by

1 Ci = 3.7x10%°Bq.
For health physics, as well as for many other purposes, the curie is a very large amount of
activity.
2.8 Radiation Dosimetry
Radiation dosimetry tells us about precise unit of radiation dose that is suitable either for
radiation protection or radiation therapy. For radiation protection purposes, the mostly
common used ‘dosimeter’ is a piece of dental film with a paper clip attached. However,

radiation absorbed by the body is energy dependent and it is thus necessary to talk and
distinguish about radiation absorbed dose and radiation exposure.

Absorbed Dose

Radiation damage depends on the absorption of energy from the radiation, and is
approximately proportional to the concentration of absorbed energy in tissue. The amount of
energy actually deposited by radiation in cells is known as absorbed dose or absorbed energy.
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Gray

The S.1. unit of absorbed dose is called the gray (Gy). One gray is an absorbed radiation dose
of one joule per kilogram. 1 Gy = 1 JKkg. The gray is universally applicable to all types of
ionizing radiation dosimetry like irradiation due to external fields of gamma rays, neutrons,
or changed particles, as well asthat due to internally deposited radioisotopes.

Rad

Before the universal adoption of the Sl units, radiation dose was measured by a unit called
the rad (Radiation Absorbed Dose). One rad is an absorbed dose of 100 ergs per gram.

1 rad = 100 ergs/gm.
Since 1 J= 107ergsand 1 kg = 1000 gm, 1 Gy = 100 rads.

Exposure

Exposure is a quantity expressing the amount of ionization caused in air by X-ray or gamma
radiation.

Exposure Unit (X- unit)

Exposure Unit is expressed by X-unit in short. One X-unit is defined as that quantity of X-ray
or gamma radiation that produces ions (in air) carrying 1coulomb of charge (either sign) per
kilogram of air.

1 X-unit =1 C/kg (in air).
X-unit islimited to x-rays or gamma rays whose quantum energies do not exceed 3Mev.

Roentgen

Before the Sl unit of exposure was adopted, the unit of x-ray exposure was called roentgen
(R). One roentgen was defined as that quantity of x-ray or gamma radiation that produces
ions carrying one statcoulomb of charge (either sign) per cubic centimeter of air at 0°C and
760mm Hg. 1R =1 SC/cm®,

The relationship between the exposure unit and the roentgen can be written as,
1 X-unit = 3881 R.

KERMA (Kinetic Energy Released in the Medium)

For practical convenience, the concept of air Kerma is used to specify the radiation quantity

instead of exposure. Air Kerma gives an idea about the energy transferred per unit mass of air
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— a unit introduced by ICRU to describe the initia interaction between radiation and an

electron in certain medium.

The initial kinetic energy of the primary ionizing particles (e.g. photoelectrons, Compton
electrons) produced by the interaction of the incident indirectly ionizing radiation (e.g. Xx-
rays, gammarays, fast neutrons) per unit mass of the interacting medium is called the Kerma.

Kermain Sl system is measured in JKg or Gy.

The usefulness of air Kerma can be extended to the determination of the radiation output at a
specified distance from a radiation source in terms of mGy per hour. The air Kermarate at 1
meter and the activity of gamma source can be correlated using exposure rate constant
applicable for that source. For example, 1 GBq of Cobalt-60 gives an Air-Kerma output of
0.31 mGyh'! (Johns and Cunningham, 1964).

29 ReativeBiological Effectiveness

The comparison of relative toxicity between alpha, beta and gamma radiation is defined on
the basis of equal amounts of energy absorption. Generally, the higher the rate linear energy
transfer (LET) of the radiation, the more effective it isin damaging an organism. The ratio of
the amount of energy of 200keV X-rays required to produce a given effect to the energy
required of any radiation to produce the same effect is caled the relative biologica
effectiveness, abbreviated as RBE. Here, the 200keV X-rays energy is termed as reference
radiation. The RBE of a specific radiation depends on the exact biological effect on a given
species of organism under a given set of experimental conditions (Cember, 1989). The term
RBE isthus restricted in application to radiation biology.

210 Quality Factor and Dose Equivalent

In biological systems, the same degree of damage is not necessarily produced by the same
absorbed dose of different types of radiation. The biologica damage due to 1Gy of apha
dose will be different as awhole than that of due to 1Gy of gamma dose. 1Gy of alphadoseis
approximately 20 times more effective in causing biologica damage compared to 1Gy of
gamma dose (Islam, 2009). However, quality factor (QF) reflects the ability of any particular
type of radiation to cause damage. The quality factor is used to modify the absorbed dose
from one type to the other types of radiation.
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When absorbed dose of any radiation is multiplied by the respective quality factor, the

obtained quantity is known as the dose equivalent.

The S.I. unit of dose equivalent is sievert, Sv. And the C.G.S. unit of dose equivalent is rem.
1 Sv =100 rem. Dose equivalent (Sv) = Absorbed dose (Gy) x QF

Dose equivalent (rem) = Absorbed dose (rad) x QF
The value of the quality factor is found to depend on the density of ionization caused by the
radiation in tissue. The values of QF for the most commonly encountered radiations are
presented in Table 2.6 (Knoll, 1989).

Table 2.6: Quality Factor (QF) for different radiations

Radiation QF
X-rays, y-rays, electrons 1
Thermal neutrons 23
Fast neutrons, Protons 10
Alpha particles 20

211 Effective Dose Equivalent

For the purposes of setting radiation safety standards, it is assumed that the probability of a
radiation effect like stochastic effect in any tissue is proportional to the dose equivaent to
that tissue. When the dose equivalent of any tissue is multiplied by the weighting factor of

that tissue, we get the amount of effective dose equivalent.

Mathematically, Effective dose equivalent, He= > WrHr
Where, W+ is called the weighting factor for tissue T and Hr is the dose equivalent to that
tissue T. The weighting factors for various tissues are based on the relative susceptibility of

the respective organs to stochastic effects. Table 2.7 (Cember, 1989) points out the weighting
factors for different tissues at risk of stochastic effects.
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Table 2.7: Weighting factors for different tissues at risk of stochastic effects

Tissue Weighting factor, W+ Comments
Gonads 0.25 Genetic risk to first 2 generations
Breast 0.15 Average for al ages of both sexes
Red bone marrow 0.12 Leukemia
Lung 0.12 Cancer
Thyroid 0.03 Fatal Cancer
Bone surface 0.03 Osteosarcoma
Remainder of the body 0.30 Cancer

2.12 Biological Effects of Radiation

The interaction of ionizing radiation with the human body, arising either from external
sources outside the body or from internal contamination of the body by radioactive
substances, leads to biologica effects which may later come as clinical symptoms (Martin
and Harbison, 1979). The nature and severity of these symptoms and the time at which they
appear depend on the amount of radiation absorbed and the rate at which it is received.

While ionizing radiation has many uses, some of great benefit to mankind, it is also true that
its beneficial use must be carefully weighed against possible delirious effects. lonizing
radiation is not only potentialy dangerous, but in fact lethal, if misused. The effects which
occur depend on the types of cells which absorb the radiation, the total radiation dose, the
length of time over which the exposure occurred, and whether the body is able to affect any
repair of the damage. Differences in biological effects are the result of differences in these
factors. The biological effects of radiation may be broadly classified into two categories, viz.
non-stochastic (deterministic) and stochastic effect (Cember, 1989).

Non-stochastic Effects

Effects with a threshold dose and for which the severity of the injury increases with dose are
known as non-stochastic effects. Non-stochastic effects are characterized by three quantities:
First, a certain minimum dose must be exceeded before the particular effect is observed.
Additionally, the magnitude of the effect increases with the increase of the dose.
Furthermore, there is a clear causal relationship between dose agent and effect in a given
individual. In a word, in non-stochastic effect, a certain minimum dose must be exceeded
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before the particular effect is observed, and the magnitude of the effect increases with the
increase of the dose. For example, a person must exceed a certain amount of alcohol before
he shows signs of drinking. After that, the effect of the acohol depends on how much he
drank. Because of the minimum dose that must be exceeded before an individual shows the
effect, non-stochastic effects are also called threshold effects. Non-stochastic effects are also
can be termed as early radiation effects. Examples. Erythema, cataract, radiation damage to
the gut and the production of the temporary or permanent sterility in both males and females.
When the magnitude of the effect or the proportion (percent) of individuals who respond at a
given dose is plotted as a function of dose to obtain a quantitative relationship, the dose-

response curve A of Fig 2.1 isobtained. In Fig 2.1, A point ‘a’ represents the threshold point.
Stochastic Effects

Stochastic effects are those effects that occur by chance. They occur among unexposed
people as well as among exposed individuals. Stochastic effects are therefore not clearly
related to exposure. The main stochastic effects are cancer and genetic effects. The result of
exposure to a carcinogen (substance that produces cancer, tobacco) increases the probability
of occurrence of the effect. In this case, the increase in probability of the effect is directly

proportional to the dose.

People may develop cancer whether they are exposed to carcinogenic agents or not.
However, exposure to carcinogen increases the likelihood of cancer. Lung cancer isfound in
amuch higher proportion of cigarette smokers than among non-smoker, and among cigarette

smokers, lung cancer is seen in agreater proportion of heavy smokers than in light smokers.

In other word, as the name implies, stochastic effects occur in a statistical manner. For
radiation induced effects, the probability of a stochastic effect occurring depends upon the
radiation dose received, but there is no such thing as a “safe dose” i.e., no threshold dose
exists below which such an effect can’t occur. Two general types of stochastic effect are well
recognized. The first occurs in somatic cells and may result in the induction of cancer in the
exposed person; the second occursin cells of the germinal tissue and may result in hereditary
disordersin the progeny of those irradiated (Islam, 2009).

Another important point concerning such stochastic effects as mentioned earlier, is that the
severity of the effect is unrelated to radiation dose. Thus, as the radiation dose increases, the
probability of cancer induction increases, but the severity of the cancer does not depend upon

the radiation dose which caused it.
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Stochastic effects are often called linear, zero-threshold dose response effects. According to
the linear, zero-threshold model, every increment of radiation, no matter how small, carries

with it a corresponding increase in risk of stochastic effect (Cember, 1989).

When the frequency of occurrence or percent response of a stochastic effect is plotted against
the increase of dose to obtain the quantitative relationship, a linear dose-response curve (B)
of Fig 2.1 is observed.

100

Per cent response

Dose
Fig 2.1: Dose-response curves for non-stochastic (A) and stochastic (B) effects.

2.13 Thelnteraction of Radiation with Cdlls

The basic difference between nuclear radiations and the more commonly encountered
radiations such as heat and light is that they have sufficient energy to cause ionization. In
water, of which cells are largely composed, ionization can lead to molecular changes and to
the formation of chemical species of a type which are damaging to the chromosome material.
The damage takes the form of changes in the construction and the function of the cell. In the
human body, these changes may manifest themselves as clinical symptoms such as radiation
sickness, cataracts or in the longer term, cancer. The processes leading to radiation damage

are complex and are often considered in four stages and are described bel ow.
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Q) Theinitial physical stage:

This stage lasts only a minute fraction (~1026) of a second in which energy is deposited in the

cell and causes ionization. In water the process may be written as, H>O — HxO" + €
Where H>O" is positive ion and € is the negative ion.
2 The physico-chemical stage:

This stage lasts about 10 seconds in which the ions interact with other water molecules

resulting in a number of new products. For example, the positive ion dissociates,

H.0" ~ H* + OH

The negative ion that is, the electron attaches to a neutral water molecule which then
dissociates, HO + e - HO

H2O - H+ OH"
Thus the products of the reactions are H*, OH", H and OH. The two former ions which are
present to quite a large extent in ordinary water, take no part in subsequent reactions. The
other two products, H and OH are called the free radicals, which are they have an unpaired
electron and are chemically highly reactive. Another reaction product is hydrogen peroxide

H-0O. which is a strong oxidizing agent. OH + OH - Hx0O»
(©)) The chemical stage:

This stage lasts a few seconds in which the reaction products interact with the important
korganic molecules of the cell. The free radicals and oxidizing agents may attack the complex
molecules which form the chromosomes. They may attach themselves to a molecule or cause
linksin long chain molecules to be broken.

(4)  Thebiological stage:

In this stage, the time scale varies from several minutes to several years depending on the
particular symptoms (Martin and Harbison, 1979). The chemical changes discussed above
can affect an individual cell in number of ways. For example, they may result in,

(@) The early death of the cell.
(b) The prevention or delay of cell division.

(c) A permanent modification which is passed on to daughter cells.
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2.14 Acuteand Chronic Exposure
In health physics we are concerned with two types of exposure:

(1) A single accidental exposure to a high dose of radiation during a short period of time,
which is commonly called acute exposure, and which may produce biological effects within a
short time after exposure;

(2) Long-term, low level overexposure due to improper or inadequate protective measures,
commonly called continuous or chronic exposure, where the results of the overexposure may

not be apparent for years.

Acute Exposure

Effects of radiation due to acute exposure occur for alarge dose of radiation delivered during
ashort period of time. These effects of radiation are deterministic which have threshold level.
Below the level, the effect will probably not occur but above which the effect is expected. In
this case, the severity of the effect increases as the dose increases and it may produce
biological effects within a short time after exposure.

Chronic Exposure

Biological effects of radiation aso occur due to chronic exposure which is arelatively small
amount of radiation exposure over a long period of time. In this case the result of the
overexposure may not be apparent for years. There is no threshold value for occurrence of the

biological effects. These effects include different types of cancer.
2.15 The Somatic and Hereditary Effects of Radiation

The effects of radiation on the human body are the result of damage to the individual cells.
These effects may be conveniently divided into two classes, namely somatic and hereditary.
The somatic effects arise from damage to the ordinary cells of the body and affect only the
irradiated person. The hereditary effects, on the other hand, are due to damage to the cellsin
the reproductive organs, the gonads (Lea, 1965). The important difference is that, in this case,
the damage may be passed on to the person’s children and subsequently to later generations.
The somatic and hereditary are discussed below.
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The Somatic Effects of Radiation

The somatic effects are of two types:
> Early radiation effects and
> Lateeffects.

Early Radiation Effects

The early radiation effects are those which occur in the period from a few hours up to afew
weeks after an acute exposure that is a large dose received over afew hours. The effects are
due to major depletions of cell populationsin a number of body organs due to cell-killing and
the prevention or delay of cell division. The main effects are bone marrow, gastrointestinal or
neuromuscular damage depending on the dose received. Acute absorbed doses above about 1
Gy give risesto nausea vomiting (Bond et al., 1965). Thisis known as radiation sickness and
it occurs a few hours after exposure, as a result of damage to cells lining the intestine.
Absorbed doses above about 2 Gy can lead to death, probably 10 to 15 days after exposure
(Grosch and Hopwood, 1979).

Since not al organs and organ systems are equaly sensitive to radiation, the pattern of
response, or disease syndrome, in an overexposed individual depends on the magnitude of the
dose. There is no well- defined threshold dose below which there is no risk of death due to
acute doses, though below about 1:5 Gy the risk of early death would be very low. Similarly,
there is no well-defined point above which death is certain, but the chances of surviving an
acute dose of about 8 Gy would be very low (Bond et al., 1965).

In order of increasing severity, the acute radiation syndrome in subdivided into three
categories:

Q) The haemopoietic syndrome.

2 The gastrointestinal syndrome.

3 The central nervous system syndrome.

Certain effects are common to all categories and these include;

> Nausea and vomiting, Malaise and fatigue, Temperature increase, Blood changes.

Q) Haemopoietic Syndrome

> Appears agamma dose of 2 Gy (200 rads).

> Depression or ablation of the bone marrow and the physiological consequences are

seen.
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> The platelet count falls steadily until a minimum is reached about a month after
exposure.

> The degree of change in the blood, as well as rate of change is a function of radiation

dose.
> Nausea, vomiting begin within in several hour of exposure.
> Hair loss which is almost seen in the 2" or 3" week after exposure.
> Death may occur between 1 to 2 months after the exposure if medical treatment is not

sought or successful.
2 Gastrointestinal Syndrome
> Appears following atotal body dose of about 10 Gy or greater.
> Bone marrow is completely destroyed.
> Severe nausea, vomiting and diarrhea begin very soon or immediately after exposure.
> Death, within 1 to 2 weeks after exposure, is the most likely outcome of the exposure.
©)] Central Nervous System Syndrome
> Appears after atotal body dose in excess of about 20 Gy.

> Damages the central nervous system as well as al the other organ systems in the
body.
> Unconsciousness follows within minutes after exposure.

> The rapidity of onset of unconsciousnessisdirectly related to dose.

> Death is a matter of hours to several days (Paul, 2007).

Another effect which shows up soon after an acute over exposure to radiation is erythema
that is reddening of the skin. Since the skin is located on the surface of the body it is subject
to more radiation exposure than most other tissues. This is especially true for beta rays and
low energy X-rays. An exposure of about 3 Gy of low energy X-rays will result in erythema
and larger exposures may lead to other symptoms such as changes in pigmentation, blistering
and ulceration. Besides, 125 Gy to the ovaries can result in prolonged or permanent
suppression of menstruation in about 50% of women. 6 Gy to the ovaries or testicles can
result in permanent sterilization. 0-50 Gy to the thyroid gland can result in benign (non-

cancerous) tumors (Martin and Harbison, 1979).

The levels of exposure both of workers and of the public arising from the nuclear energy
industry or from industrial and medical applications of radiation are far below than the levels
which would induce early effects. Such high doses could only be received in the unlikely
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event of amajor nuclear accident. However, the low doses received in normal operations may

cause harmful effectsin the long term and these are discussed as | ate effects.

L ate Effects

X Can develop many years after exposure.

X May occur in person who has been exposed to acute exposure.

X May also arise from chronic exposure.

X Delayed effects of radiation are varies forms of cancer, cataract and sterility.

A brief description of cancer, cataract and sterility are given below.

1 Cancers (induced by radiation):

> Develop many years after the radiation was received.

> Radiations can produce cancers in the blood-forming tissue, skin, bone, lung and
thyroid.

> Minimum latent period for most cancersis 10 years or more. (Paul, 2007)

Therisks of radiation induced cancer in the various body organs are under continuous review,
as new experimental data become available. Some estimations of the risk of fatal cancers,
derived from the work of Throne et a., are shown in the following Table 2.8.

Table 2.8: Nominal risk of fatal cancer (Martin and Harbison, 1979)

Effect Tissue at risk Cases per 10° per mSv
Male Female

Leukemia Red bone marrow 3 3
Breast cancer Female breast - 5
Lung cancer Lung 2 2
Thyroid cancer Thyroid 1 1

Bone sarcoma Cells on bone surfaces 0-5 0-5
Liver cancer Liver 1 1
Other cancers All other tissues 3 3

Totd Whole body 105 155

The estimations are expressed as the number of cancer cases expected per millions per mSv.
This implies that if one million males each received a dose equivalent of 1 mSv, the number
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of fatal cancers attributable to the radiation would be about 10 and this would appear over a
period of few decades. In the case of females, the number of radiation induced cancers would
be expected to be about 15 because of the additional risk of breast cancer (Casarett, 1968).
The average risk of fatal cancers in a mixed population would be about 13 cases per million
per mSv. To put this estimations of the risk of radiation induced cancer into perspective, it
should be noted that in atypical population of 1 million people, there about 2000 deaths from

spontaneous cancers every year (Fabricant, 1972).
2 Cataracts:

A mentionable late effect of radiation is cataract formation in the lens of the eye. The word
cataract is used to describe a loss of transparency of the lens of the eye. In this case it appears
that there is a threshold dose, below which cataracts can’t be induced. This is of the order of
15 Sv, and so by setting dose limits so that the total dose to the lens of the eye over the whole
working lifetime in below this value, the possibility of cataract formation due to radiation can
be avoided (Martin and Harbison, 1979).

> A loss of transparency of the lens of eye.

> Latent period is severa years.

> Thereis athreshold dose, below which cataract can not be induced.

> 500 — 1000 rad will produce significant cataract.

3 Fertility:

Another possible late effect of radiation is permanent histological sterility, the complete
absence of gametes, requires absorbed doses of photons to the gonads of 3-5 Gy to 6 Gy for
men and 2-5 Gy to 6 Gy for women.

> Sterility can appear as an acute symptom.

> Permanent sterility requires absorbed doses to the gonads of

" 3.5t0 6 Gy for mae

" 2.5t0 6 Gy for female (Paul, 2007).

There is some evidence from animal experiments that exposure to radiation may slightly
reduce the life expectation of individuals who do not exhibit any specific radiation induced
symptoms. Observations of human populations exposed at relatively high levels indicate that
life shortening doesn’t occur at all, if occurred it is very slight and almost certainly less than
1 year per Sv (Islam, 2009).
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The Hereditary Effects of Radiation

The hereditary effects of radiation result from damage to the reproductive cells. This damage
takes the form of alterations, known as genetic mutations, in the hereditary materia of the
cell.

It has already been mentioned that reproduction occurs when the ovum is fertilized by a
sperm. As aresult, the offspring receives a compl ete set of genetic material from each parent.
Thus the child receives two complementary sets of genes, one from each of its parents. In
general, it is found that one gene is ‘dominant’ and the other ‘recessive’.

The dominant gene determines the particular characteristics with which it is associated.
Recessive genes are only recognized when by chance two of the recessive type genes come
together. A considerable number of diseases are associated with recessive genes and will
therefore only manifest them when both parents have the same recessive genes. Spontaneous
mutation accounts for the fact that an appreciable fraction of the world’s population suffers

from one of the 500 or more defects or diseases attributable to hereditary effects.

Radiation can induce gene mutations which are indistinguishable from naturally occurring
mutations. It should be noted in passing that heat and chemicals can also cause mutations.
Mutated genes are generally recessive and so it is generally assumed that al mutations are
harmful. Since ionizing radiation can cause an increase in the mutation rate, its use will
increase the number of genetically abnormal people present in future generations. Clearly, the
consequences of excessive genetic damage would be very serious indeed and strict control
must be exercised over the radiation exposure of the genera population. The risks of
hereditary effects due to exposure of the gonads are very uncertain. ICRP estimated the risk
of serious hereditary ill-health within the first two generations following the irradiation of
either parent to be about 10 per million per mSv. Over al generations, the risk would be
about twice this value. Clearly, only that exposure which occurs up to the time of conception
can affect the genetic characteristics of the offspring, and since the mean age of childbearing
is about 30 years, only a proportion of the dose received by a typical population will be
genetically harmful. The total genetic risk in al generations averaged over both sexes and
over al ages, is therefore about 8 serious effects per million per mSv (Martin and Harbison,
1979).

All the available information leads to the conclusion that the chance of developing any of the
effects of radiation increases as the radiation dose increases. It is thus the responsibility of
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those working with ionizing radiation to keep the quantity of absorbed radiation by
themselves and other individuals to an absolute minimum and certainly within the limits
recommended by the Nuclear Safety and Radiation Control Act-1993 and Nuclear Safety and
Radiation Control Rules-1997 (Hasan et al., 2013).

Table 2.9: Comparison of the average concentration of 2Ra, 22Th and “°K in different soil

samples (present study) with those of other published datain different countries

Radioactivity Concentration(Bg/kg)

Country 226Ra 2o1h w0 Reference
India 44.21 174.48 93.10 Singh et al., 2005
Egypt 17 18 320 UNSCEAR, 2000

United States 40 35 370 UNSCEAR, 2000

Argentina - - 650 UNSCEAR, 2000
China 32 41 440 UNSCEAR, 2000
China 40.3 59.6 751.2 Luetal., 2012

Cameroon - 16.67 186.96 Tchokossa et al., 2012
Hong Kong SAR 59 95 530 UNSCEAR 2000
India 29 64 400 UNSCEAR, 2000
Japan 33 28 310 UNSCEAR, 2000
Korea, Rep. of - - 670 UNSCEAR, 2000
'ragégf'(f]ﬂ;“c 28 22 640 UNSCEAR, 2000

Denmark 17 19 460 UNSCEAR, 2000
Ghana 13.61 24.22 162.08 Faanu et al., 2011
Nigeria 411 78.6 2235 Umar, (2012)

Belgium 26 27 380 UNSCEAR, 2000

Luxemburg 35 50 620 UNSCEAR, 2000
Switzerland 40 25 370 UNSCEAR, 2000

Bulgaria 45 30 400 UNSCEAR, 2000

Maaysia 99.13 139.98 598.24 Saat et al., 2011

Romania 32 38 490 UNSCEAR, 2000
Greece 25 21 360 UNSCEAR, 2000

Portugal 44 51 840 UNSCEAR, 2000
Spain 32 33 470 UNSCEAR, 2000
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Radioactivity Concentration(Bg/kg)
Country Reference
226Ra 232Th 40K
USA 40 35 370 UNSCEAR, 2000
New York: UNSCEAR,
Jordan 56 29 501 2000
Cyprus 17 - 140 UNSCEAR, 2000
Armenia 46 30 360 UNSCEAR, 2000
Lithuania 16 25 600 UNSCEAR, 2000
Ireland 37 26 350 UNSCEAR, 2000
Russia 19 30 520 UNSCEAR, 2000
OAP data 172 211 511 UNSCEAR, 2000
Khulna, .
Bangladesh 50.46 85.42 900.79 Present study (Soil)
Khulna, i
Bangladesh 52.22 90.65 870.45 Present Study (Sediment)
Worldwide mean 30 35 400 UNSCEAR, 2000

Table 2.10: Comparison of the average outdoor annual effective dose (mSvyr™) due to the
intake of natural radionuclide of 2% Ra, 2Th &% K from the soil samples

collected from Rupsha river side area, Khulna (present study) with those

obtained in other published data

Countr Outdoor annual effective References
y dose(mSvyr?)
Khulna, Bangladesh 0.13 Present Study (Soil)
Khulna, Bangladesh 0.13 Present Study (Sediment)
China 0.106+0.004 Luetal., 2012
Ghana 0.17+0.09 Faanu et al., 2011
China 0.074 Zhonghal et al., 2011
India 0.15-0.32 Mehraet al., 2010
Pakistan 0.34+0.12 Rahman, 2007
Barapukuria Coa Mine 0.083 Hasan, 2013
(BD)
UNSCEAR-2000 0.115 UNSCEAR, 2000
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Table 2.11: Comparison of the absorbed dose rate, D (nGyh™) due to the intake of natural
radionuclide of 2% Ra, 2?Th &% K from the soil samples collected from

Rupsha river side area, Khulna (present study) with those obtained in other

published data
Absorbed Dose Rate, D
Country (NGyh)) References
Khulna, Bangladesh 106.13 Present Study (Soil)
Khulna, Bangladesh 105.03 Present Study (Sediment)
China 86.6+3.4 Luetal., 2012
Cameroon 33.73 Tchokossa et al., 2012
China 60 Zhonghal et al., 2011
India 185.32 Mehraet al., 2010
India 60.40-82.15 Mehraet al.,2010
Sonadialsiand,Bay-of 84.67 Chowdhury et al., 2012
Bengd
Barapukuria Codl 67.14 Hasan, 2013
Mine,Ding pur
Kuakata Sea
Beach, Patuakhai 110.04 Islam, 2012
UNSCEAR 55 UNSCEAR, 2000




Table 2.12: Comparison of average concentration of ?®Ra, 22Th , K & *'Cs in different
soil & sediment samples (present study) with those of other published data in
different places of Bangladesh

Different Location of Radioactivity Concentration(Bg/kQg)
Bangladesh 226R4 232Th 40K 137¢g
Jessore (sediment) (Kabir
et al., 2008) 42.90 47.85 502.73 ND
Chittagong(sediment)
Karnaphuli River 35.9 65.5 272 2.2
(Chowdhury, 1999)
Bay-of-Bengal (sediment) i ) _
(Sharif et al., 1994) 18-101 138-1318 ND
Sonadia Island(Soil)
Bay-of-Bengal 334 46.6 831 ND
(Chowdhury et al., 2012)
Bhawal Gahr(soil)
: 101.64 474.81 ND
Gazipur (Islam et al., 2015) 66.68 016 8
TRIGA MARK-II (Soil)
AERE. Savar 35.38 45.91 656.53 ND
Barapukuria Coal
Mine,Dingjpur (Hasan et 23.54 52.10 603.17 ND
al., 2013)
Kuakata Sea
Beach,Patuakhali (Islam et 29.19 90.56 874.89 ND
al., 2012)
Dhaka City (Miah et al.,
1098) 21-43 9-22 402-705 ND
Present Study(Soll) 50.16 77.23 864.63 ND
Khulna ' ' '
Present Study(Sediment) 50.46 73.99 881.49 ND
Khulna ' ' '
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CHAPTER 111

M ethodology

31 Introduction

Sample collection, preparation and measurement procedures are considered very important
for gamma spectrometry. In this chapter the sample collection, preparation and measurement

procedures are described in details.
3.2  Study Area

Bangladesh is a small country, mostly dependent on agriculture and the agriculture is fully
dependent on soil, sediment and water. Khulna is the third-largest city in Bangladesh located
in the south-west corner which coordinates is 22°49.0'N 89°33.0'E and Khulna has an old
river port located on the Rupsha River. It is an important hub of Bangladeshi industry and
hosts many national companies. Rupsha River is the area of interest in the present study,
which is located in Rupsha Upazilla under Khulna district of Khulna division. Rupsha River
is the main source of water for the agriculture and industry of Khulna city. The locations of

sample collection under current study are shown in Figure 3.1 and 3.2.
3.3  Sampling Locations

A tota of 44 samples (10-soil, 10-sediment, and 24-water) were collected from in and around
the Rupsha River located at Rupsha area, Khulna during the period of 30/04/2015 to
02/05/2015. Among 24 water samples, 10 were surface water and 14 were tube well water.
The sampling area of Rupsha River isin between 22° 46'4.17° "N to 22° 50'31.86" "N and 89°
33'11.39"E to 89° 36'5.85'E.

34  Sample Collection and Preparation

It was started earlier section that 10 soil samples, 10 sediment samples and 24 water samples
were collected from in and around of Rupsha river. The soil, sediment and river water
samples were collected from equidistant locations with a distance of about 1 km from each
other. About 0.7 to 1 kg of soil and sediment samples was collected from each sampling
location. The soil samples were collected around the river and the sediment samples were
collected about 20 cm deep of the river. Then the samples were packed separately in plastic
bag. The tube well water samples were collected from river side tube well and river side
village tube well in 0.5 liters plastic bottles. All samples were marked with identification
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parameters such as sample no, location, date etc. and transported to the laboratory of the
Health Physics and Radioactive Waste Management Unit (HPRWMU), Bangladesh Atomic
Energy Commission (BAEC), Savar, Dhaka for processing and characterization. Table 3.1
shows detailed of the collected samples for study (with location- local name).

UPAZILA MAP 4 LEGEND
UPAZILA RUPSHA e

DISTRICT KHULNA 1 o

Fig 3.1: Location map of the Rupsha River, Khulna, Bangladesh
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Fig 3.2: Location map of sampling (using Google map) at the Rupsha River area, Khulna,
Bangladesh

Processing of Solid Samples

After the collection of soil and sediment samples, all samples were brought to the sample
preparation room at the Health Physics and Radioactive Waste Management Unit, INST,
AERE, Savar, Dhaka. The samples were then cleaned for stones, gravels, grass-roots,
vegetation etc. and then dried in the sun for several days and crushed into fine powder by
using a grinder and collected after passing through 400 pm mesh screen. The homogenized
samples were then dried in an oven at about 100°C for about 24 hours. The homogenized
samples were then transferred to sealable cylindrical plastic containers of 7 cm height and 5.5
cm in diameter and the weights (after grinding) of the samples were recorded using an
electrical balance. The sample-filled plastic containers were sedled tightly with cap and
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wrapped with thick vinyl tape around their necks; marked individualy with identification

number, sample location, date of preparation and net weight and then stored for about 30

days to assume secular equilibrium between ?°Ra and 2%2Th series and their daughter

progenies. Fig 3.3 shows that the solid samples preparing steps.

Table 3.1: Detailed of the collected samples for study (with location- local name)

Sample Sample L ocation Date of Date of Net weight
type 1D collection | preparation | of sample
S1 Navy ghat, Port area | 30.04.2015 | 17.05.2015 | 180.23 gm
S2 Deara, Paul parha 30.04.2015 | 17.05.2015 | 193.25gm
S 3 Rajapur Bazar 30.04.2015 | 17.05.2015 | 234.76 gm
S4 Singer chor 30.04.2015 | 17.05.2015 | 208.54 gm
Sail S5 Rahimnagar 30.04.2015 | 17.05.2015 | 163.85gm
i
S6 Ramnagar 30.04.2015 | 17.05.2015 | 199.43gm
S7 Bagmara, Chor Rupsha | 30.04.2015 | 18.05.2015 | 209.60 gm
S8 Sigma, Chor Rupsha | 30.04.2015 | 18.05.2015 | 181.71gm
S9 Rupsha Bridge 30.04.2015 | 18.05.2015 | 201.05gm
S 10 Nimtala 30.04.2015 | 18.05.2015 | 254.79 gm
SE 1 Navy ghat, Port area | 30.04.2015 | 20.05.2015 | 189.22 gm
SE 2 Deara, Paul parha 30.04.2015 | 20.05.2015 | 189.08 gm
SE 3 Rajapur Bazar 30.04.2015 | 20.05.2015 | 226.89 gm
SE 4 Singer chor 30.04.2015 | 20.05.2015 | 192.89 gm
SE 5 Rahimnagar 30.04.2015 | 20.05.2015 | 211.62gm
Sediment - X d
SE 6 Ramnagar 30.04.2015 | 20.05.2015 | 197.30gm
SE 7 Bagmara, Chor Rupsha | 30.04.2015 | 21.05.2015 | 187.64 gm
SE 8 Sigma, Chor Rupsha 30.04.2015 | 21.05.2015 | 200.17 gm
SE 9 Rupsha Bridge 30.04.2015 | 21.05.2015 | 201.67 gm
SE 10 Nimtala 30.04.2015 | 21.05.2015 | 267.08 gm
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Sample Sample L ocation Date of Date of Net weight
type ID collection preparation | of sample
1RW | Navygha, Portarea | 30.04.2015 | 13.05.2015 | 270.16 ml
2RW Deara, Paul parha 30.04.2015 | 13.05.2015 | 267.53ml
3RW Rajapur Bazar 30.04.2015 | 13.05.2015 | 272.90 ml
4 RW Singer chor 30.04.2015 | 13.05.2015 | 267.17 ml
Sufface | 5RW Rahimnagar 30.04.2015 | 13.05.2015 | 268.52ml
(I";";‘\tgr 6 RW Ramnagar 30.04.2015 | 13.05.2015 | 268.67 ml
water) | 7RW | Bagmara Chor Rupsha | 30.04.2015 | 13.05.2015 | 276.31ml
8RW | Sigma Chor Rupsha | 30.04.2015 | 13.05.2015 | 270.89 ml
9RW Rupsha Bridge 30.04.2015 | 13.05.2015 | 268.19 ml
10 RW Nimtala 30.04.2015 | 13.05.2015 | 268.52ml
1TWR Deara, Paul parha 30.04.2015 | 13.05.2015 | 267.71ml
2 TWR Rajapur Bazar 30.04.2015 | 13.05.2015 | 263.76 ml
3TWR Rahimnagar 30.04.2015 | 13.05.2015 | 262.79 ml
D\r,:/r;fg‘g 4TWR | Bagmara, Chor Rupsha | 30.04.2015 | 13.05.2015 | 266.10 ml
(Tléﬁe 5TWR Rupsha Bridge 30.04.2015 | 13.05.2015 | 266.21ml
W
water) | 6TWR Nimtala 30.04.2015 | 13.05.2015 | 266.27 ml
TwR. | 1TWV Rajapur village 01052015 | 13.05.2015 | 265.89 ml
F;%g Vi‘e‘fle 2TWV | Khan Mohammadpur | 01.05.2015 | 13.05.2015 | 265.32 ml
water | 3TWV Aichgati 01.05.2015 | 13.05.2015 | 265.05ml
Wyl | 4TwWv Joypur 01052015 | 13.05.2015 | 265.86ml
Village | 5y Rupsha ghat 02.05.2015 | 13.05.2015 | 265.65ml
tube well
water | g Twv Elahipur 02.05.2015 | 13.05.2015 | 267.55ml
7 TWV Noeihaty 02.05.2015 | 13.05.2015 | 267 ml
8 TWV K harabad 02.052015 | 13.05.2015 | 265.92ml
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SolidSample

Removing Stones

Drying in the sun

Drying in oven(100°C)

Grinding and Ashing

Seiving

Weighting

Packed and sealed in the
plastic container

Kept for 30 days for
secular equilibrium

Sample measurement &
analysis using HPGe

Fig3.3: Flow-chart illustrating the pre-treatment of solid samples
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Processing of Liquid Samples

Cylindrical type beakers (0.5 litre capacity) were used to process and measure the water
samples. At the start of the sample processing steps, the beakers were made contamination
free by cleaning those well using light hydrochloric acid solution and de-ionized water. The
beakers were then dried using a temperature-controlled oven. After measuring the sample
(260 ml), samples were then transferred to sealable cylindrical plastic containers of 8 cm
height and 6.5 cm in diameter. The weights of the samples were determined from the
difference of weights of sample-filled and empty container. Finally, the containers filled with
samples were closed by caps, wrapped with thick vinyl tape around their necks and kept for
30 days for achieving the secular equilibrium between gaseous and non-gaseous decay
products of naturally occurring radionuclide series. The radiometric measurements these
samples were also done at the Health Physics & Radioactive Waste Management Unit, INST,
AERE, Savar, Dhaka.

3.5 Experimental Set up

A genera description of the radionuclide detection technique for soil, sediment and water
samples are given below, including the description of detector and the calibration process of
the gamma spectrometry system. The experimental layout and treatments used are then
outlined and finally the analytica methods used for the analysis of all soil, sediment and
water samples are described.

Radionuclide Detection Technique of Radioactive Samples

A number of analysis systems exists which are able to determine the activity and radionuclide
content of various types of samples and geometry. For al types of samples, gamma
spectrometry is generally the most effective technique to analyze the gamma emitting
radionuclides in these samples. The method is highly suited for accurate multi-nuclide
analysis without any chemical separation for environmental materials. The system is now
widely used by laboratories, which are dealing with the anaysis of gamma emitting
radionuclides in environmental samples. The detection of radionuclides and its activity can be
done using chemical separation methods, however, the method is costly and time consuming.
On the other hand, gamma spectrometry is not expensive but some preliminary work (such,
an energy calibration and self absorption and efficiency calibration) must be undertaken
before using the system for the analysis of multi-nuclides in contaminated.
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First, an energy calibration has to be performed. The sample for this must contain various

radionuclides, which have a good spread of g -energiesi.e., the energies must range from the

detectable minimum up to the detectable maximum. This produces a much more accurate
calibration. Secondly, in order to measure the activity of asample, it is necessary to know the
system'’s detection efficiency, which is obtained by employing known standard sources. The
calibration standard source must have physical dimensions, chemical composition and
density similar to the samples that will be analyzed, so that the deviation in the measured
activity is normalized. However, it is necessary to subtract background counts from the
standard source counts to measure the accurate count rates of standard samples (Debertin and
Helmer, 1988; Koddis et al.). The two most important gamma analysis detectors that are
available presently are sodium iodide crystal detectors (Nal) and liquid nitrogen cooled high
purity germanium detectors (HPGe). HPGe detectors, due to their excellent resolution have
become an important tool for the analysis of radioactive samples using gamma-ray
spectrometric techniques. The absolute efficiency response of these detectors is an important
parameter for aimost all work based on absolute method. A high purity germanium detector is
widely used to determine quantitatively the concentrations of radionuclides in the radioactive

waste samples. A brief description of an HPGe detector is given in the following section.
3.6 ApparatusUsed
High Purity Germanium (HPGe) Detector

Now-a-days HPGe detector is extensively used for gamma ray spectrometry. The world-wide
popularity of germanium as semiconductor radiation detector is attributable to the excellent
charge transport properties, which allows the use of large crystals without excessive carrier
losses due to trapping or recombination. The greater efficiency, large photo fraction and
lower cost of sodium iodide may well tip the balance in its favor when only afew gamma ray
energies are involved. Germanium detectors are clearly preferred for the analysis of complex
gamma ray spectra involving many energies and peaks, it also aids in the detection of weak

sources of discrete energies when superimposed on a broad continuum.

Germanium detectors are semiconductor diodes having a p-1-n structure in which theintrinsic
region is sensitive to ionizing radiation, particularly X-rays and gamma rays. Under reverse
bias, an electric field extends across the intrinsic or depleted region. When photons interact
with the material within the depleted volume of a detector, charge carriers (holes and

electrons) are produced and are swept over by the electric field to the p and n electrodes.
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This charge, which is in proportion to the energy deposited in the detector by the incoming
photon, is converted into the voltage pulse by an integral charge sensitive preamplifier
(Canberra Product Catalog; Roy, 1991).

HPGe detectors are available in two relatively simple geometries:

a The planer detector in which the electric field is fairly uniform and

b. The co-axia configuration in which the electric field varies inversely with the radial
distance from the detector axis.

The gammaray detection efficiency and response function for the HPGe detector are

identical to those observed in a Ge(Li) detector of the same size and shape.

A p-type co-axia HPGe detector of volume 93 cm?® supplied by CANBERRA Model No.
GC-2018 and serial No. 04089411 has been used in the present experiment at the Health
Physics and Radioactive Waste Management Unit (HPRWMU) Laboratory, Institute of
Nuclear Science and Technology (INST), Atomic Energy Research Establishment (AERE),
Savar, Dhaka. The HPGe detector used is co-axia geometry type with electrical contacts in
the form of concentric cylinders closed at the end. This geometry makes it possible to
produce very large volume detector elements with excellent efficiencies for high-energy
photons. Thus the HPGe detector is basically a cylinder of germanium with an n+-type
contact on the outer surface and a p+-type contact on the surface of the axial wall. The n+-
type contact is formed by evaporation of lithium into alapped surface of germanium and p+-
type contact consists of a metal to semiconductor surface barrier junction. These results are
an n+-p-p+ configuration of the detector in which the depletion region formed by reverse
biasing requires that a positive voltage is to be applied to the n+ contact with respect to p
+surface. The depletion effectively begins at the n+ edge of the central region and extends
further into the p region as the voltage is raised. Since there is a significant dead layer on the
n+ face, the p+ face isnormally used as the entrance window. lon implantation techniques are
also used to form the p+ contact especially when very thin entrance window is needed.

The main characteristics of the HPGe detector are high atomic number, low impurity
concentration, i.e., large deletion depth, lowest ionizing energy required to produce an
electron hole pair, higher conductivity, compact size, fast time response, high resolution and
relative simplicity of operation at room temperature.

The main parts of this detector coupled with other accessories are:

(1) Liquid nitrogen (LN>),
(2) Cryostat,
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(3) Digital Spectrum Analyzer (DSA) 1000
i. A preamplifier,
ii.  Spectroscopy amplifier,
iii.  High voltage detector power supply,
iv.  Multi channel analyzer (MCA),
(4) Shielding arrangement of the detector and
(5 Computer
The block diagram of HPGe detector with its accessories and a photograph of this set-up are
shown in Fig 3.4 and Fig 3.5 respectively. Brief descriptions of these parts are given below.

@ Liquid Nitrogen (LN2) Dewar

Germanium has relatively low band gap, these detectors must be cooled in order to reduce the
thermal generation of charge carriers (thus reverse leakage current) to an acceptable level.
Otherwise, leakage current introduced noise destroys the energy resolution of the detector.
Liquid nitrogen (LN2), which has temperature of 77 ° K is the common cooling medium for
such detectors. The detector is mounted in a vacuum chamber, which is attached to or
inserted into an LN2 Dewar. The sensitive detector surfaces are thus protected from moisture
and condensable contaminants (PGT HPGe Detector Operating Manual). The liquid nitrogen

Dewar serves as reservoir of liquid nitrogen, while the cryostat provides a path via the cooper

steam for heat transfer from the detector to nitrogen reservaoir.

HPGe
Detector

High Voltage

Power supply

Fig. 3.4: Block diagram of gamma spectroscopy system (HPGe detector) used in the present

work.
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Fig 3.5: A complete setup of y-counting system (HPGe Detector with 20% relative

efficiency).
2 Cryostat

A cryostat consists of a vacuum chamber which houses the detector element plus a Dewar
(double wall vacuum-insulated vessel) for the liquid nitrogen cryogen. Integral cryostats have
a common vacuum chamber for the Dewar and detector. Unlike the dipstick type, the detector
chamber and Dewar cannot be separated without breaking vacuum. A basic integral cryostat
is shown in Fig 3.6. The cryostat is a sealed vacuum chamber and usually the vacuum is
maintained by a passive system, a molecular sieve and placed in the bottom of the cold finger
assembly. This molecular sieve absorbs any gaseous molecules, which can lose inside the
cryostat and prevents them from depositing on the surface of the cryostat. Otherwise, the
increasing surface contamination on the crystal would result in increased surface currents,
which, in turn, elevates the noise and broadens the resolution (Roy, 1991).
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Fig 3.6: Photograph of Cryostat

3 Digital Spectrum Analyzer (DSA) 1000

The DSA-1000 is a full featured 16K channel integrated Multichannel Analyzer based on
advanced digital signal processing techniques (DSP). When paired with the computer of
choice, the DSA-1000 becomes a complete spectroscopy workstation, capable of highest
quality acquisition and analysis. Fig. 3.7 shows the Digital Spectrum Analyzer.
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|

Fig 3.7: Digital Spectrum Analyzer (DSA) 1000

—Carullinid

The main components are given below:
i. Preamplifier (Model 2002 CSL)
The preamplifier associated with radiation detectors performs three essential functions:
a Conversion of chargeto voltage pulse
b. Signal amplification
c. Pulse shaping.
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Most preamplifiers in use today are charge sensitive and provide an output pulse with
amplitude proportional to the integrated charge output from the detector. General-purpose
preamplifiers have a RC feedback network (Fig 3.8) which results in a quasi-step function
output. For extremely low noise, the feedback resistor is eliminated and the output signa
becomes a true step function, which builds in random staircase fashion and is reset by so
called pulsed-optical feedback circuitry. For many high count rate and high resolution
applications with HPGe detectors, the transistor reset preamplifier (TRP) offers the best
performance.

There are two basic types of preamplifiers used in germanium detectors:

(a) Charge sensitive that employs either dynamic charge restoration (RC feedback),

(b) Pulse charge restores type (pulse optical or transistor reset) for discharging the integrator.

Absorption of photon by detector produces a current pulse at the preamplifier input. These
pulses are too small to measure without amplification into a measurable electric signal.
Therefore, the first element in a signa processing chain is a preamplifier that provides
interference between the detector and pulse processing and analyzing electronics. The
preamplifier has been located as close as possible to the detector to minimize the signal from
noise and captive loading. It also serves as an impedance matcher, presenting high impedance
to the detector to minimize loading, while providing a low impedance output to drive
succeeding components. Canberra Model 2002 CSL used in the present work has the

following characteristics.
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Fig 3.8: Block diagram of preamplifier
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Characteristics of Model 2002C Preamplifier:

Noise :<500eV.

Charge or energy sensitivity : 100 or 500 mV/MeV (Ge).
Charge or energy rate capability  : 2 X10° MeV/sec.

Risetime : <50 ns.
Biasrating : 5000
ii.  Amplifier

Accepts positive or negative signals from an associated detector preamplifier; amplitude for
full scale conversion +10 V divided by selected gain; maximum input (signal +dc) for linear
operation is dependent on the Input Attenuator setting; Attenuator OFF (x1): +4 V,
Attenuator ON (x 0.25): £12 V, dc coupled and protected to +24 V maximum; rise time: less
than the selected Rise Time + Flat Top settings; acceptable preamplifier decay time constant:
45 ps to infinity; Zin is 1.3 kQ; rear panel BNC connector.

iii.  High Voltage Power Supply

Dual range and polarity high voltage power supply; voltage range and polarity selected by
programming modules: £10 to +1300 V dc or +1300 to +5000 V dc; rear panel SHV
connector. Low end of the 5000 V rangeis limited to 1300 V by software.

iv.  Multi Channel Analyzer (MCA)

MCA is capable of anayzing pulses simultaneously with many different intervals or
channels. In fact, MCA's are heart of most modern experimental measurements. It’s essential
functions are collection of data providing a visual monitor and producing output either in the
form of final results or as raw data for later analysis. The MCA consists of an analog-to-
digital converter (ADC), MCA buffer and a display. The main component of the MCA is an
analog-to-digital converter (ADC), which converts the incoming analog amplifier signal to a
group of standard shaped pulses. The pulses are digitized by a Wilkinson type anal og-to-
digital converter (ADC) and the output pulses are stored in a computer type memory
(Wilkinson, 1950). The channel number is the memory address and is proportional to the
input signal voltage. Therefore, pulses of constant amplitude will always be stored in asignal
channel. Each pulse is digitized and a count is added to the appropriate memory location. So
the ADC isthe key element in determining the performance characteristics of the analyzer.
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4) Shielding Arrangement

The shielding of the detector from the environmental radiation is an absolute necessity for
low-level measurement of activity. The shielding arrangement surrounding the detector has
been designed and fabricated by using lead and steel material, available in local market.
Because of high density (11.4 gm/cc) and large atomic number (Z = 82) of lead, it is widely
used for the construction of radiation shielding. Hard gamma rays from external background
source (such as 1.46 MeV from %K) can be absorbed efficiently by lead. Moreover, it is
reasonably effective for removing many of the cosmic ray components of the background
radiation. The photoelectric absorption of gamma rays in the lead shielding around the
detector can lead to the generation of characteristic X-ray, which is covered by steel. Steel
has much lower atomic number (34) compared to that of lead. A photograph of the shielding
arrangement of the Detector isshown in Fig 3.9.

Fig 3.9: Photograph of the Shielding Arrangement of the Detector
The Shielding expression is
[ =loeM(3.1)

Where | is the beam intensity after penetrating a thickness t of the material, M is the linear

attenuation coefficient of absorbing material and lo is the intensity when thickness t = 0.
Theoretically, the shielding arrangement was found to attenuate 95%-99.99% of unwanted
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gamma flux of energy ranging from 303 KeV to 1332 KeV, where most of the gamma lines

from background radiation (Thorium, Uranium, and Actinium series) were found to decrease
by 74% to 96%(Roy, 1991). The shielding material around the detector (lead rings) has the

characteristics given below:

Table 3.2: Characteristics of the shielding material used around the detector

Shielding Lead Ring:

a Internal diameter
b. External diameter
c. Wall thickness

d. Shielding height

Double Part, Top Opening & Sliding L oad Door :

a Externa Diameter
b. Thickness

Base Plate (Lead & MYS)
a Externa Diameter

b. Thickness
c. Thickness of the Bottom of
Base Plate (M S Plate)

Table/platform:
a. Height

b. Size

: 305 mm
: 406 mm
: 51mm

: 559 mm

: 406 mm

51 mm

: 406 mm

51 mm

10 mm

: 3048 mm

: 1219.2x 609.6mm?

(Made of 51x 51 mm? Ms Box, 3mm MS plat, 457x 457 mm? support box)

Replacement Arrangement:

a. Height

1 3048 mm

b. Size : 1219.2 x 609.6mm?
(Materials 51x51 mm?MS box, 3mm MS plat)
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(5) Computer

The energy spectrum of the radiation was observed in computer. The configuration of the

computer is shown below:

Processor - Intel (R) Pentium(R) 4

RAM : 504 MB

Monitor . CRT (cathode ray tube)

Operating System used : Microsoft window XP professiona
Software used . version 2002 service pack 2

Asawhole, thefollowing ar e the specifications of the HPGe detector (M odel GC 2018):

Detector - HPGe

Detector model : GC 2018

Seria number : 04089411

Crystal geometry : closed-end coaxid
Crystal diameter :6.2¢cm

Crystal length :3.1cm

Crystal active volume :93cm?

Crystal / Window distance :0.5¢cm

Dewar capacity - 30 liter

Cooling temperature of

The Ge Crystal : 77°K (i.e., LNz temperature)
Energy resolution of the detector

(FWHM at 1332 KeV of ®°C

Gammarays) : 2 KeV (specified by manufacturer)
Relative Efficiency :20%
Peak to Compton ratio :50: 1

Standard Geometry Setup

For the measurement of radionuclide in investigated sample such as soil, sediment and water
samples, a standard geometry is needed which is similar to the geometry of calibration
standard. In this experiment, 260 ml cylindrical geometry was chosen for the measurement of
liquid samples. For solid samples, 3.75cm x 8.5cm plastic container was used to measure the
radionuclides activity. To measure the radionuclide of the sample, the liquid and solid
samples were transferred to the plastic container and then placed on the top of the detector.
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Some of the standard geometry (plastic container) with experimental samplesis shown in Fig
3.10, Fig 3.11 and Fig 3.12.

Fig 3.10: Soil samplesin individual plastic container

Fig 3.11: Sediment or sand samplesin individual plastic container
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Fig 3.12: Water samplesin individua plastic container

Standard g- Ray Sources

Gamma ray reference point sources are essential in any laboratory to calibrate the y-
spectrometer for the measurement purposes. The calibration sources available in the Health
Physics and Radioactive Waste Management Unite (HP&RWMU), Institute of Nuclear
Science & Technology (INST), AERE, Savar, Dhaka, were all supplied by Amershem
International, USA. Their physical characteristics are listed in Table 3.3.

The activity of a source at any time from the day of itsinitial activity A, can be calculated by
using the radioactive decay equation as

-0.693 xt

A, = Aje "2 (32

[o]

Where, As istheinitial activity of the standard source at t = O, A is the activity of the source
after timet and ty2 isthe half- life of source.

Table 3.3: Physical characteristics of 1*’Cs and ®°Co radionuclide

Radio Half time (Year) Energy E in KeV Intensity (ly)
nuclides
BiCs 30 661.62 0.8521
®cCo 5.27 1173.2 0.9990
1332.5 0.9998
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3.7  Calibration of the Detector Parameters
In the gamma spectrometry the spectra accumulated on the computer based Multi Channel
anayzer (MCA) provides data on both count rate and the location of each peak depending on
gamma energy. In order to convert these data onto either emission rate or energy, the
spectrometer should be calibrated with gamma sources of known energy. For this purpose
details information on the following parameters are necessary.

a. Energy calibration of MCA

b. Counting Efficiency Calibration
c. Lower limits of detection
d

. Background spectrum
Energy Calibration

In gamma spectrometry, radiation pulses are recorded by a multi-channel analyzer (MCA)
and the location of the peak depends on the gamma ray energy. For identifying a particular
radionuclide of unknown sample, it is necessary to calibrate the MCA by observed y-ray
energy spectrum against the channel number. The displayed spectrum from a HPGe detector
is usually a series of photo peaks superimposed on a more or less varying background. The
peak location indicates gamma ray energy. The value of the baseline, i.e., channel number

has no real significance until it can be calibrated proportionally to read in terms of energy.

For HPGe detector the relation between gamma energy and output pulse height is nearly
linear. Therefore, two or more known peaks of sufficiently different energy will serve to
establish the energy calibration, Let E; and E2 are the known energies of peaks and let X1 and
X2 are the peak locations measured in the pulse height spectrum. Thus, energy per channel

can be calculated as;

E=mX +b (3.3)
Where X isany channel number, energy per channel (m) = (Ex>-E1)/(X2-X1),
Constant (b) = E--mX1Thus X = (E-b)/m
In the present study calibration of the MCA was carried out by using good geometry point
sources placed close to the detector inside the shield. The gamma spectra obtained on the
MCA monitor after the equipment set up of live time, high voltage power supply (4500
Volts), adjustment of spectroscopy amplifier such as course gain (50), fine gain (0.8), shaping

time (2usec). The energies of the calibration source in keV were entered in the MCA to
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convert al 16384 channels to respective energies. The following Table 3.4 gives a list of

calibration source and their energies.

Table 3.4: Gammaray energy calibration sources

Source Energy in keV Emission Probability Half Life
In years
187Cs 661.66 85.20 30.17
®Co 1173.2 99.89 5.272
13325 99.98 5.272

Lower Limit of Detection (LLD) of Radionuclides

The detection limit, as it is known as minimum detectable emission rate or lower limit of
detection (LLD) is aterm used to express the detection capability of a measurement system
under certain conditions. The limit depends on the sample geometry, the energy of the
radiation, the source-detector distance, the detector efficiency, the background, the available
time for measurement and the quantity of samples (mass and volume). In a measurement if
the measured number of counts, N in thetime T is large, then number of background counts
Nb , in the same interval T must be known from a measurement without the sample. The
statistical fluctuation of Ny can be described by the standard deviation S (Np)= JN_b provided
Np was taken in the same interval T as N. If the number of additional counts due to photons
from the sample, Ns = N- Ny is of the order of background fluctuations, i.e. of S(Np) then
there is no clear evidence of the existence of a sample effect. On the other hand, if Nsis, say
larger than 3 S(Np), the probability of the presence of a sample effect is rather high.
Therefore, the detector limit can be givenasL = 3 JN_D The lower limit of detection (LLD)

at the 95% confidence level has been defined by Pasternak as: LLD = 1.645(2+/2 Sy, ,

where & is the standard deviation of the background. The standard deviation of the
distribution is the square root of the mean value for a particular sampling interval; the S.D. is

the observed number of countsN A/ N . The standard deviation associated with a count rate

isS= \/ﬁ/ t. The S.D. of the sum or difference of two measurements is the square root of

the sum of the squares of the standard deviations associated with the measurements. The

standard deviations of the net count rate obtained is

= (5,+S,)
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= [ng/ t? + np / 3] Y2 (3.11)

The lower limit of detection for the counting portion of the analysisis:

LLD = 1.65(2v2) S
= 4.653 [Ny / t,7] Y2 (3.12)

For the calculation of the lower limit of detection of food and environmental samples the
following equation was used:

4.653 x§,
ExIxV

Where & is the standard deviation in the region of interest, E is the counting efficiency, | is

LLD = (3.13)

the intensity of gamma energy and V is the sample in liter. Counting efficiency E is different

for different gamma energies and counting geometries.

When S is3S then,

4.653 x 3s

ExIxV

4.653 x 3
= m [nb / th] 2 (314)

LLD =

Where ny, is the background count and t, is the background time.
S.D (#S) =[ng/ tg®+ny /tx?]Y? = X cps

For activity calculation,

X cpsx100
%ExIxW(inKg)

Where ng is the gross count and tg is the counting time with sample. The LLD of different

SD (S )= Bg.Kg'(3.15)

gamma energy regions for 150gm samples of geometry size rad.4.9x ht.7.0 was used in the
present work; the counting times were 10000 seconds. The results have been given in Table
3.5.
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Table 3.5: Detection limits of the HPGe detector

Radionuclides Detection limits of HPGe detector

214pp 0.0466
214pp 0.0308

2087 0.0393

2087 0.0067

214Bj 0.0137
287 0.0244
2BAc 0.0390

2l 0.0433

40K 0.1311

Statistical Error in Counting

In gamma ray spectrometry the quantity of interest, like the activity of a source or the energy
of gammaray are derived from other measured quantities by a mathematical relationship. The
radioactive decay is random in time and so the number of particles of photons counted in a
given time will fluctuate about an average value. The standard deviation @ is a measure of the
scatter of a set of observations about their average value. The most common method of
anaysis gamma-spectrum of samples containing a mixture of nuclides is to use the full
energy peak counts of various isotopes for estimating activities because the full energy peak
is a characteristic of the isotopesit isin this energy region that a better sample to background

counts is obtained.

Sometimes the constituent nuclides emit gamma rays of closely spaced energies, from which
a small portion of the full energy peak of each of them are selected. This reduces the region
of mutual overlap of adjacent peaks, thereby improving source counts to background ratio for
each of the radionuclides. To minimize the statistical error if an isotope emits more than one
gamma ray, the most abundant gamma energy should be taken for analysis. If there are
several gamma energies comparable abundance, the highest energy that is likely to have least

Compton contribution from other nuclides should be selected.

Since the nuclei undergoing radioactive transformation in a sample is random event occurring

in afew of atoms, the Poisson distribution may be applied and errors in the recorded counts
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are usually expressed as the standard deviation that is simply the square root of the number of
counts. One standard deviation implies that 68.3% result lies within this range.

The counting error can be reduced by increasing

(1) Counting efficiency,

(2) Volume and

(3) Counting time.

Additionally, the background of counts of the detector will also increase counting accuracy.
For count of N intime ‘t’ the standard deviation= VN

1/2
= [RT]Y2/t=[RT]Y?= [3] (3.16)
The standard deviation of the net counting rateis

1
g T
_ 2— |9 by
05=(0g+ 0y ) 2= Itg + o

1 ;"2
J (3.17)
Where, o, =standard deviation of gross counting rate
o, =Standard deviation of background counting rate,
1,=Gross counting rate,
ry =Background counting rate,
t,,=time during which gross counting was made,

ty =time during which background count was made.

Percent of error= g x100 (3.18)

Where A = The activity of the sample. In present work, 2@ counting error has been taken for
the calculation of activity measurement.

Prepared Standard Sour ce efficiency results

An efficiency curve was obtained for standard using the 8 experimental points available. The
results of measured peak efficiencies for the standard geometry of 400 ml are shown in
Table-3.6. The HPGe detector efficiencies have been measured with uncertainties between 5-
7%. The vaues of the function parameters were determined by regression analysis. The
experimentally measured data cover 80-3000 KeV range for this geometry. The chi-square
results show the establishment of the satisfactory response curves in the 180 to 3000 KeV
ranges. The intensities for the corresponding gamma ray energies were taken from IAEA
guide book (IAEA, 1989).
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Table 3.6: Counting efficiencies of the HPGe detector used for activity calculation

Radionuclides | Peak energy (KeV) Intensity, | Efficiency (%)
212pp 238 0.435 0.041105157
214py, 295 0.1815 0.034304887
214pp 351 0.351 0.029632951
2087 583 0.307 0.019327001
214 609 0.446 0.018629617
2287 o 911 0.266 0.013270423
28BN 969 0.1623 0.012598144
214 1120 0.147 0.011151435

40K 1460 0.107 0.00891975
214 1764 0.151 0.007606088
208T] 2613 0.356 0.005462992

3.8 M easurement Set-up

The detection and measurement of radionuclides in the samples were carried out by gamma
spectrometry system using a vertical coaxia cylindrical high purity germanium (HPGe)
detector of 93 cm? active volume and with 20% rel ative efficiency. The p-type HPGe detector
supplied by CANBERRA, Model- GC-2018 (Canberra Product Catalog), had a resolution of
1.8 KeV at 1332 KeV of Cobat-60 gamma-ray lines. The detector was coupled to a 16 k-
channel analyser. The samples was placed on the top of the detector inside the shielding
arrangement and counted for 10,000 seconds after adjustment of the necessary parameters
such as resolution, peak to Compton ratio etc. And after determination of minimum
detectable activity of the detectors the spectra of all samples were perfectly analysed using
Genie-2000 spectra analysis software (which matched various gamma energy peaks to a
library of all possible radionuclides) to calculate the concentrations of 28U, 222Th and “K.
The detector was enclosed in a cylindrical shielding container made of lead and iron with 51
mm thickness, 559 mm height and 305 mm internal diameter and having a fixed bottom and
moving cover to reduce the external gamma-ray background (Islam, 2009). All the samples
were counted for 10 ks. Prior to the measurement of the samples, the environmental gamma
background at laboratory site was determined with an identical empty plastic container used
in the sample measurement. The energy regions selected for the corresponding radionuclides
were 295 KeV and 352 KeV of 2%Pband 609 KeV and 1120 KeV of2“Bi for?°Ra, 238 KeV
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of 2Ph, 583 KeV of 27|, 911 KeV and 969 KeV of 22Ac for 22Th and 1460 KeV for “°K
(Roessier et al., 1970).

3.9 Calibration of the Detector

The efficiency calibration of the detector was performed by standard sources of solid and
liquid matrixes prepared using Ra-226 standard using identical containers used for the
measurement of the samples, e.g., 180 ml plastic container. The preparation process of
standard sources had been reported elsewhere (Harb et al., 2008).The detector efficiency
calibration curves as a function energy for both solid and liquid matrixes are shown in Figure
3.13(a) and Figure 3.13(b). The energy calibration of the detector was performed by *’Cs

and Cobalt-60 point sources.
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Fig 3.13(a): Efficiency curve for solid matrix
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Fig 3.13(b): Efficiency curve for liquid matrix
3.10 Activity Concentrations of Soil, Sediment & Water Samples

The radionuclide contents and their activity levels of the each sample were measured using a
calibrated HPGe detector of energy resolution of 2.0 KeV at 1.33 MeV of Cobalt-60 for a
period of 10,000s. The activity concentrations (A) of each radionuclide in the sample was
determined by using the count per second (cps) after subtracting the background counts from
the gross counts for the same counting time under the selected photo peaks, weight of the
sample, the photo-peak efficiency and the gamma intensity at a specific energy as (Usif and
Taher, 2008):

cps
ExI| xW

A= (3.19

Where, A = Activity concentrations of the samplein Bgkg™ or BaL ™.

Cps= Net counts per second= cps for the sample- cps for the background value
E = Counting efficiency of the gamma energy

| = Absolute intensity of the gammaray and

W = Net weight of the sample (in kilogram or liter).
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The errors in the measurements were expressed in terms of standard deviation (o), where o
isexpressed as (Knoll, 1989):

+7

%
< .| Ns, Nbp (3.20)
T2 T2

Where, Ns is the sample counts measured in time Ts, and Ny is the background counts
measured in time Tp. The standard deviation +20 in cps was converted into activity in Bgkg™

according to equation (3.19).
3.11 Absorbed Dose Rate

The external outdoor absorbed gamma dose rates due to terrestrial gamma rays from the
nuclides Ra-226, Th-232 and K-40 at 1m above the ground level has been calculated as
(UNSCEAR, 2000):

D (NGyh'l) = 0.462 Ara+0.604 Atr+0.042 Ak(3.21)

Where, Aras, Ath and Ak are the specific activities of ?*Ra, 2?Th and “°K respectively in
BgKg™.

3.12 Outdoor Annual Effective Dose

The absorbed dose rate was converted into annual effective dose equivalent by using a
conversion factor of 0.7 SvGy™* recommended by the UNSCEAR 2000 and 0.2 for the
outdoor occupancy factor by considering that the people on the average, spent 20% of their
time in outdoors (Debertin and Helmer, 1988).The effective dose due to natural activity in the

soil and sediment samples has been calculated by:

E (mSwyr1) = D x 24 x 365.25 x 0.2 x 0.7 x 105(3.22)
3.13 Radium Equivalent Activity

The radionuclide?®®Ra, 2?Th and “°Kare not homogeneously distributed in sediment and soil.
The inhomogeneous distribution from naturaly occurring radionuclide is due to
disequilibrium between Ra-226 and its decay products. For uniformity in exposure estimates,
the radionuclide concentrations are defined in terms of ‘Radium equivalent activity’ (Raeg) in
Bakg! This allows comparison of the specific activity of materials containing different
amounts of ?°Ra, 2?Th and “°K according to Beretka and Mathew (Beretka and Mathew,
1985) asfollows:
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Raeq (Bgkg ™) = Arat 1.43 Am+ 0.077 Ax(3.23)

Where, Ara, Am and Ax are the specific activities of ??Ra, 2?Th and “°K respectively in
BogKg?.

3.14 External Hazard Index

The externa hazard index (Hex) is the indoor radiation dose rate due to the external exposure
to gamma radiation in construction materials of dwelling which has been calculated by (Lu
and Xiolan, 2006)

ARa+ATh+ A

o 370" 259 " 2810

(3.24)

Where, Ara,, Amh and Ak have the same meanings as in equation (3.21) and (3.23).
3.15 Radiometric Measurement

In the present work the measurement of the concentration of natural radioactivity (Ra, Th and
K) in soil, sediment and water samples were performed by y-ray spectrometric system, using
high purity germanium (HPGe) detector having a relative efficiency of 20% and resolution
(FWHM) 1.8 KeV at 1332 KeV y-energy of %Co. The detector was connected to a multi-
channel analyzer (MCA). Spectral data from the detector was accumulated on an MCA and
analyzed using Genie-2000 software from Canberra. The detector was maintained in a
vertical position with alead cylindrical shield to avoid background radiation. All the samples
were placed coaxialy 10 cm from the surface of the detector and the counting time was
10,000 seconds.

The main contributors to radiological significance are the members of 22U & 2%Th decay
series and “°K. Therefore, the emphasis was on the determination of natural activity of ?*Ra,
232Th and “°K.. The content of “°K was determined by measuring its single peak, 1460.88 KeV
(10.7). Assuming secular equilibrium in the uranium and thorium decay series, the ??Ra and
232Th activities were determined indirectly via the activities of their daughter products. The
choice of the reference nuclides was made so that the related peaks were sufficiently
discriminated and intense. Based on such criteria, the nuclides chosen are shown in Table 3.7
for ?2Ra and 2*2Th (Bruzzi et al., 2000). The content of 2*°Ra was measured using y-energy
of 295.18 KeV (18.15) 2“Pb, 351.92 KeV (35.10) 2“Pb, 609.35 KeV (44.60) 2“Bi,
1120.5KeV (14.70) 2“Bi and 1764.5 KeV (15.10). The contents of 22Th was determined
using 238.76 KeV (43.50) ?12Pb, 583.24 KeV (30.70) 2°8TI, 911.32 KeV (26.60) ?*Ac,
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969.19 KeV (16.23) ?®Ac and 2613.2 KeV (35.60) 2®Tl. The background level was

subtracted from each recorded spectrum.

Table 3.7: Gammal lines used for y-spectrometry determinations

raz:l)?lﬂgl?l de Daughter product Energy (KeV) Intensity (yields)

24Py 295.18 0.1815

214pp 351.92 0.351

22%Ra 214 609.35 0.446
214Bj 1120.5 0.147

214B; 1764.5 0.151

24Py 238.76 0.435

2087 583.24 0.307

232Th 2B8AC 911.32 0.266
287 969.19 0.1623

208T] 2613.2 0.356

40K 1460.9 0.107
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CHAPTER IV
Results and Discussion

From the gamma spectrometric analysis, the present study represents that three naturally
occurring radionuclides were determined (?°Ra, 2?Th and “°K) in the soil, sediment and
water samples. Activity concentration of natural *°Ra, 2*?Th and *°K, energy and efficiency
calibration, lower limit of detection, radium equivalent activity, external hazard index,
absorbed dose rate and outdoor annual effective dose in the samples were determined
experimentally. An error analysis of the data has also been calculated. The results obtained in
the present study have also been compared with other studies done at home and abroad.
Activity concentration in soil, sediment, river water, river side tube-well water and village
tube-well water samples, collected from Rupsha river bed and Rupsha areain Khulna district
of Bangladesh has been measured using HPGe (High Purity Germanium) detector. Each of
the samples has been counted for about 10000 sec. The activities have been expressed in

BgKg! with counting error of two sigma (+20).
4.1  Radioactivity in soil samples

Activity concentration for ?®Ra, #?Th and “°K radionuclide in soil samples have been
determined by equation (3.19) and the results for the same have been given in Table 4.1 &
Table 4. 2 with the uncertainty level of +20. The graphical presentations of the data have also
been given in Fig 4.1, Fig 4.2 & Fig 4.3 respectively. The daughter radionuclide of?°Ra &
232Th and their activity concentrations has been found in the soil samples collected from the
Rupsha River area are given in Table 4.1. The activity concentrations of 214Pb, 24Bi, 212Pb,
208Tj and ?2Ac in these samples has been found to be varied from 46.11+3.92 BgKg™ to
60.06£5.13 BgKg?l, 39.19+12.38 BgKg! to 60.98+11.39 BgKg?, 66.04+3.1 BgKg?! to
79.39+3.03 BgKg?, 54.74+6.81 BgKg? to 83.19+7.21 BgKg?! and 64.12+11.1 BgKg?! to
120.01+10.92 BgK g* respectively.
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Table 4.1: Activity concentration of daughter radionuclides of soil samples

Activity concentration (BgKg?)

Soil sampling location

g Sam

le | Location
no. {JD 214Pb 214B | 212Pb 208T| 228 AC
1 S 1 | Navyghat [60.06+5.13| 42.05+11.57 | 74.11+3.52 80.5+7.53 [101.38+12.84
2 S 2 | Dearha 51.13+4.57 | 52.46+11.6 | 69.46+3.29 [76.37+7.07 95.54+12.01
3 S 3 | Raapur 46.11+3.92 | 45.45+4.54 | 69.42+2.96 61.15+5.75 64.12+11.1
4 S 4 | Singer chor 52.78+4.44| 60.98+11.39 | 67.04+3.1 |67.29+6.42 [77.57+10.66
5 |S5 E%";rm' 46.78+4.82 | 39.19+12.38 | 66.04+3.51 [54.74+6.81 [75.89+15.13

S 6 | Ramnagar 58.41+4.77 | 43.82+4.99 | 77.14+3.39 83.19+7.21 [88.77+13.73

S 7 | Bagmara 55.61+4.52| 40.35+10.19 | 69.38+3.14 [72.47+6.6 |68.13+10.21

S 8 | Sigma 58.7145.04 | 45.33+11.64 | 74.23+3.5 [80.78+7.51 [73.77+13.88

Rupsha
9 S9 bridge 58.4+4.75 | 49.43+10.97 | 78.26+3.4 168.99+6.62 98.61+11.83
10 | S 10 | Nimtala 52.97+3.99 | 43.13+8.84 | 79.39+3.03 [83.08+6.28 [120.01+10.92
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Fig 4.1: Bar diagram shows the activity concentrations of daughters (***Pb, 2**Bi) of ?*Raiin

soil samples collected from different location of Rupshariver side area, Khulna
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Fig 4.2: Bar diagram shows the activity concentrations of daughters(??Pb,2%Tl, ?28Ac)of?*?Th
in soil samples collected from different location of Rupsha River side area, Khulna

Under the assumption that secular equilibrium was reached between 2%2Th and ?%°Ra with
their decay products, the concentration of 2?°Ra was determined from the average
concentrations of ?*Pb (352Kev) and 2“Bi (609and1120 Kev) and that of 2*Th was
determined from the average concentrations of 2*2Pb (239 Kev), 2Tl (583 Kev) and %*’Ac
(911 and 969 Kev) in each sample under study. Since “°K is directly y-emitter, so its activity
concentration could be determined from its single photo peak at 1460 Kev.

In soil samples, the activity concentrations of 2°Ra has been found in the range of 40.86+4.3
BgKg'to 53.92+7.86 BgKg?, with an average value of 50.16+7.2 BgKg™. This value was
dight greater than the worldwide average value of 35 BgKg. The activity concentrations of
232Th have been found in the range of 64.9+6.6BgKg*to 94.16+6.74 BgK g, with an average
value of 77.23+7.43 BgK g, this value was higher than that of the world average value of 30
BgKgt. And the activity concentrations of “°K have been found in the range of 581.02+77.66
BgKg? to 1098.5+124.9 BgK g, with an average value of 864.63+101.69 BgKg™. This value
was significantly higher than that of worldwide average value of 400 BgK g™
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Table 4.2: Activity concentration & activity ratio of different radionuclidesin soil samples

S [Sample Location Activity concentration (BgqKg?) Activity ratio
no. | ID 226R4 232Th a0 226R | 226Rg4 | 2327
a/232 OK h/40
Th K

1 | S1| Navygha |51.06+8.35|85.33£7.96|904.39£111.59| 0.60 | 0.06 | 0.09
2 | S2 Dearha | 51.80+8.09 | 80.46+7.46 | 821.16+103.57 | 0.64 | 0.06 | 0.10
3| S3 Rajapur | 45.78+4.23 | 64.90+6.60 | 703.18+85.84 | 0.71 | 0.07 | 0.09
4 | S 4 | Singer chor | 56.88+7.92 | 70.63+6.73 | 863.10+98.13 | 0.81 | 0.07 | 0.08
5 | S 5 | Rahimnagar | 42.99+8.60 | 65.56+8.48 |1098.50+124.90| 0.66 | 0.04 | 0.06
6 | S 6 | Ramnagar |51.12+4.88 | 83.03£8.11 |1030.69+105.25 0.62 | 0.05 | 0.08
7 | S7 Bagmara |47.98+7.36|69.99+6.65| 777.43+95.93 | 0.69 | 0.06 | 0.09
8 | S8 Sigma 52.02+8.34 | 76.26+£8.30 {1013.98+113.11| 0.68 | 0.05 | 0.08
9| s9 'E‘r‘i%z";‘ 53.92+7.86 | 81.95+7.28 | 852.87+100.90 | 0.66 | 0.06 | 0.10
10 | S 10 Nimtala |48.05+6.42|94.16+6.74 | 581.02+77.66 | 0.51 | 0.08 | 0.16

MIN 4299486 | 64.9+6.6 | 581.02+77.66 | 0.51 | 0.04 | 0.06

MAX 53.92+7.86 | 94.16£6.74 | 1098.5+£124.9 | 0.81 | 0.08 | 0.16

AVG 50.16+7.2 | 77.23+7.43 | 864.63+101.69 | 0.656 | 0.0598 | 0.093

World AVG 35 30 400 - - -
(UNSCEAR, 2000)
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Fig 4.3: Bar diagram shows the activity concentration of 2°Ra, 2*2Th & “°K in Soil samples

collected from different location of Rupshariver side area, Khulna
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4.2

Radioactivity in sediment samples

Activity concentration for 2°Ra, 2*Th and “°K radionuclide in sediment or sand samples has

been determined by equation (3.19) and the results for the same are given in Table 4.3 &

Table 4.4 with the uncertainty level of £20. The graphical presentations are also given in
Figure 4.4, Figure 4.5& Figure 4.6 respectively. The daughter radionuclides of °Ra & %*2Th

and their activity concentrations have been found in the soil samples collected from the

Rupsha River area are given in Table 4.3. The activity concentrations of 2“Pb, 2“Bi, 212Pb,

208Tj and 2?8Ac in these samples has been found to be varied from 43.84+3.55 BgKg? to
58.58+4.93 BgKg?!, 35.6+4.47 BgKg?! to 59.19+5.66 BgKg!, 58.43+2.89 BgKg? to
80.27+3.56 BgK g™, 54.22+5.82 BgK g to 83.93+7.45 BgKg and 60.16 +11.81 BgKg! to
94.68+14.02 BaK g* respectively.

Table 4.3: Activity concentration of daughter radionuclides of sediment or sand sample

Activity concentration ( BgKg?)
nSol' ISsrln[g) Location
214 Pb 214B i 212Pb 208T| 228 AC

1| SE 1| Navyghat | 52.99+4.68 | 48.03+£11.49| 73.56+3.41 | 83.93+7.45|78.14+13.73
2| SE 2| Deaha 52.17+4.66 |42.55+11.11| 80.27+3.56 | 77.91+7.22 | 78.75+13.72
3| SE 3] Raapur 56.58+4.39 | 52.22+4.89 | 77.28+3.18 | 79.37+6.57 | 91.68+12.75
4 | SE 4| Singer chor | 57.34+4.8 | 59.194£5.66 | 73.93+3.39 | 71.35+6.88 | 89.59+14.14
5| SE 5| Rahimnagar | 46.12+4.14 | 35.6+4.47 | 58.43+2.89 | 54.22+5.82 |60.16+11.81
6 | SE 6| Ramnagar | 56.6+4.72 | 47.49+5.16 | 70.5+3.27 | 72.21+6.83 |78.54+11.12
7| SE 7| Bagmara | 58.58+4.93 | 53.2+5.55 | 79.74+3.56 | 64.45+6.7 |79.08+13.85
8| SE 8/ Sigma 53.8+4.59 (45.86+10.91| 75.52+3.36 | 72.45+6.78 | 94.68+14.02
9| SE9 ?ﬂ%?; 53.88+4.58 |50.09+11.16| 73.73+3.3 |62.26+6.33 | 73.34+12.8
10 S%—l Nimtala | 43.84£3.55 | 42.98+8.6 | 62.88+2.64 | 59.21+5.27 | 72.67+10.57
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Fig 4.4: Bar diagram shows the activity concentrations of daughters (>**Pb, 2**Bi) of ?*Raiin
sediment samples
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Fig 4.5: Bar diagram shows the activity concentrations of daughters (?*2Pb, 2%Tl, ?22Ac) of
232Th in sediment samples

In sediment samples, the activity concentrations of 2Ra have been found in the range of
40.86+4.31 BgK g to 58.27+5.23 BgK g%, with an average value of 58.27+5.23 BgKgt. This
value was dight greater than the worldwide average value of 35 BgKg?. The activity
concentrations of 2*2Th have been found in the range of 57.6+6.84 BgKg' to 82.78+7.5
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BgKg?, with an average value of 73.99+7.56 BgK g™, this value was higher than that of the

world average value of 30 BgKg™. And the activity concentrations of “°K have been in the
range of 578.39+74.62 BgKg?! to 1038.69+110.7 BgKg?!, with an average value of
881.49+100.25 BgK g™. This value was significantly higher than that of worldwide average

value of 400 BgKg™.

Table 4.4: Activity concentration & activity ratio of different radionuclides in sediment or

sand samples
Sampl | Location Activity concentration (BgqKg?) Activity ratio
Sl e ID 226Ra 232Th 40K 226R 226R 232Th/
no. a2 | a0 | aog
Th | K

1 | SE1 | Navyghat | 50.51+8.09 | 78.54+8.20 |1007.81+109.35 0.64 | 0.05 | 0.08
2 | SE2 | Dearha |47.36£7.89 | 78.98+8.17 | 861.80+106.34| 0.60 | 0.05 | 0.09
3 | SE3 | Raapur | 54.40+4.64 | 82.78+7.50 | 767.02+89.83 | 0.66 | 0.07 | 0.11
4 | SE_4 |Singer chor| 58.27+5.23 | 78.20+8.14 | 988.34+107.24| 0.74 | 0.06 | 0.08
5 | SE 5 |Raehimnagar| 40.86+4.31 | 57.60+6.84 | 880.73+97.33 | 0.71 | 0.05 | 0.07
6 | SE 6 | Ramnagar | 52.05+4.94 | 73.75:7.07 | 890.67+103.27 | 0.71 | 0.06 | 0.08
7 | SE 7 | Bagmara | 55.80¢5.24 | 74.42+8.04 |1038.69+110.70| 0.75 | 0.05 | 0.07
8 | SE8 | Sigma | 49.83t7.75 | 80.88+8.05 | 889.30+102.10 | 0.62 | 0.06 | 0.09
9 | SE9 F;)lrji%S;: 51.99+7.87 | 69.78+7.48 | 912.13+101.75| 0.75 | 0.06 | 0.08
10 | SE_10 | Nimtda | 43.41+6.08 | 64.92+6.16 | 578.39+74.62 | 0.67 | 0.08 | 0.11
MIN 40.86+4.31 | 57.6:6.84 | 578.39+74.62 | 0.60 | 0.05 | 0.07

MAX 58.2745.23 | 82.78+7.5 | 1038.69+110.7| 0.75 | 0.08 | 0.11

AVG 50.46+6.2 | 73.99+7.56 | 881.49+100.25 | 068 | 005|008

4 | 8 | 56

U NvggrlE(jAARY2G000) 35 30 400 |
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Fig 4.6: Bar diagram shows the activity concentrations of ?*°Ra, 2*Th & “°K in sediment
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Fig 4.7: Bar diagram shows the activity concentrations of 2°Ra.in soil & sediment
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4.3

Radioactivity in water samples

In water samples, there are two kinds of water samples have been collected- surface water

sample as Rupsha River water and drinking water sample as tube-well water.

4.3.1 Radioactivity in Rupsha River water samples

In surface water samples, the activity concentrations of 22°Ra and 2*2Th has been found in the
range of 1.26+0.98 BgL™ to 5.51+2.5 BqL?, with an average value of 2.56+1.5 BgL™* and
0.15+0.5 BgL to 1.57+2.9 BgL* with an average value of 0.69+1.26 BqL ™ respectively. 4°K
has been found in only one sample in the range of 109.65+32.17 BgL . The results are given
in Table 4.5 & Table 4.6 independently. Here BDL= Below Detection Limit.

Table 4.5: Activity concentration of daughter radionuclides of Rupsha River water samples

S | sample . Activity concentration (BqL™)
no. D Location
214Pb 214Bi 212Pb 208T| 228AC
1| 1RW Navy ghat 1.26+.98 BDL BDL BDL BDL
2 | 2RW Dearha BDL BDL 0.15+0.5 BDL BDL
3 | 3RW Rajapur 5.18+1.29 | 2.09+1.42 | 0.54+0.52 BDL 0.35+2.77
4 | 4RW | Singerchor | 5.29+1.31 | 5.73+3.68 | 0.7+0.54 BDL 2.39+2.97
5 | 5RW | Rahimnagar | 1.92+1.07 | 1.12+3.35 BDL BDL BDL
6 | 6RW Ramnagar 1.9+1.03 BDL 0.9+0.55 | 0.03+1.24 BDL
7 | TRW Bagmara | 3.97+1.21 | 3.27+3.43 BDL BDL BDL
8 | 8RW Sigma 246+1.13 | 0.04+1.3 BDL 0.17+1.24 | 0.75+2.82
9 | 9RW I?):’,ll%?ea 1.73+1.02 BDL BDL BDL BDL
10 | 1I0RW Nimtala 1.37+0.99 BDL BDL BDL 1.57+2.9
MIN BDL BDL BDL BDL BDL
MAX 5.29+1.29 | 5.73+3.68 | 0.7+0.54 | 0.17+1.24 | 2.39+2.97
AVG 2.79+1.11 | 2.45+2.64 | 0.57+0.53 | 0.1+1.24 | 1.27+2.87
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Table 4.6: Activity concentration of different radionuclidesin river water samples

9o Salrgple ocation Activity concentration (BqL ™)

226Ra 232Th 40K
1 1RW | Navygha | 1.26+0.98 BDL BDL
2 2RW Dearha BDL 0.15+0.50 BDL

3 3 RW Rajapur 3.64+1.36 0.45+1.65 | 109.65+32.17
4 4 RW Singer chor 5.51+2.50 0.70+0.54 BDL
5 5RW Rahimnagar 152+2.21 BDL BDL
6 6 RW Ramnagar 1.9+1.03 0.90+0.55 BDL
7 7 RW Bagmara 3.62+2.32 BDL BDL
8 8 RW Sigma 2.46+1.13 0.38+1.41 BDL
9 9RW | Rupshabridge | 1.73+1.02 BDL BDL
10 10 RW Nimtala 1.37+0.99 1.57+2.90 BDL
MIN 1.26+0.98 0.15+0.5 BDL

MAX 55125 15729 109.65+32.17

AVG 2.56+1.5 0.69t1.26 | 109.65+32.17

4.3.2 Radioactivity in tube-well water

In drinking water samples as tube-well water samples, the activity concentrations of ?*Ra
and 22Th have been found in the range of ‘Below Detection Level’ to 4.97+1.45 BgL™* with
an average value of 2.14+1.37 BgL tand ‘Below Detection Level’ t01.58 +2.92 BgL " with an
average value of 0.60+1.03 BgL respectively. “°K has been found in only one sample in the
range of 6.7+30.34 BgL ™. Theresults are given in Table 4.7 & Table 4.8 independently.
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Table 4.7: Activity concentrations of daughter radionuclides in tube-well water samples

Activity concentration (BgL™?)

nSOI' Salrr[l)ple Location

214Pb 214Bi 212Pb 208T| 228 AC
1 1TWR Dearha 5.76x1.27 | 0.22+1.33| BDL BDL BDL
2 2TWR | Raapur Bazar | 3.1+1.12 | 145+3.42| BDL BDL BDL
3 3TWR Rahimnagar 5.73+1.29 | 4.2+16 BDL BDL BDL
4 4 TWR Bagmara 1.88+1.04 ND BDL BDL |1.58+2.92
5 5TWR | Rupshabridge | 559+1.38 | 4.1+3.59 |0.6£0.53| BDL BDL
6 6 TWR Nimtala 2.24+1.06 | 4.77+1.61 0.41+0.52 BDL BDL
7 1 TWV | Raapur village BDL BDL 0.6+0.53| BDL |0.15+2.83
8 2 TWV Khan BDL BDL BDL |048+1.3| BDL

M ohammadpur

9 3 TWV Aichgati BDL BDL [0.62+0.54 BDL BDL
10 | 4 TWV Joypur 0.77+0.95 BDL BDL BDL BDL
11 | 5 TWV Rupsha ghat 2.21+1.06 BDL [0.13+049 BDL BDL
12 | 6 TWV Elahipur 1.29+1.02 BDL 0.3+0.51, BDL BDL
13 | 7. TWV Noeihaty 1.55+1.06 BDL BDL BDL |5.24+3.16
14 | 8 TWV Kharabad 1.73+1.08 BDL 0.6+0.53| BDL BDL
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Table 4.8: Activity concentration of different radionuclides in tube-well water samples

S 1o Saﬂ;ple L ocation Activity concentration (BgL™)

Ra-226 Th-232 K-40
1 1TWR Dearha 2.99+1.30 BDL BDL
2 2TWR Rajapur Bazar 2.28+2.27 BDL BDL
3 3TWR Rahimnagar 4.97+1.45 BDL BDL
4 4TWR Bagmara 1.88+1.04 1.58+2.92 BDL
5 5TWR Rupsha bridge 2.795+2.49 0.6+£0.53 BDL

6 6 TWR Nimtala 1.12+1.34 BDL 6.7£30.34
7 | LTWV | Raapurvillage BDL 0.38+1.68 BDL
8 2 TWV | Khan Mohammadpur BDL BDL BDL
9 3 TWV Aichgati BDL 0.62+£0.54 BDL
10 4 TWV Joypur 0.77+0.95 BDL BDL
11 5 TWV Rupsha ghat 2.21+1.06 0.13+0.49 BDL
12 6 TWV Elahipur 1.29+1.02 0.3+0.51 BDL
13 7 TWV Noeihaty 1.55+1.06 BDL BDL
14 8 TWV Kharabad 1.73£1.08 0.6+£0.53 BDL
MIN BDL BDL BDL

MAX 4.97+1.45 1.58+2.92 6.7£30.34

AVG 2.14+1.37 0.60+1.03 6.7£30.34

These values have been found in water samples, much below than the worldwide average
value. The rest of the radionuclides in almost al the water samples were below the detection
limit. Therefore, the activity contents of the water samples collected from Rupsha River and
Rupsha loca area in Khulna city did not show any maor evidence of radioactive

enhancement.
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Table 4.9: Absorbed dose rate,D (nGyh?), Outdoor annual effective dose,E(mSvyr?),
Radium equivalent activity (Rae) and External hazard index(Hex) of soil samples

Radium External Outdoors
S | Sample : equivalent | hazard ﬁbsorbed efapnugl
o D Location activity, o ose rate, ective
' R Index, | p(nGyh?) dose, E
% He: (mSvyr?)
1 S1 Navy ghat 242 52 0.66 113.11 0.14
2 S2 Dearha 229.90 0.62 107.01 0.13
3 S 3 Rajapur 192.58 0.52 89.88 0.11
4 S4 Singer chor 224.18 0.61 105.19 0.13
5 S5 Rahimnagar 221.14 0.60 105.59 0.13
6 S 6 Ramnagar 249.02 0.67 117.06 0.14
7 S7 Bagmara 207.77 0.56 97.09 0.12
8 S8 Sigma 238.96 0.65 112.68 0.14
9 S9 Rupshabridge 236.60 0.64 110.23 0.14
10 S 10 Nimtala 227.26 0.61 103.47 0.13
MIN 192.58 0.52 89.88 0.11
MAX 249.02 0.67 117.06 0.14
AVG 226.99 0.61 106.13 0.13
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Fig 4.10: Bar diagram shows the Radium equivalent in soil samples
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Fig 4.12: Bar diagram shows absorbed dose rate (ADR) in soil samples
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Table 4.10: Absorbed dose rate, D (nGyh'!) and Outdoor annual effective dose, E (mSvyr™),
Radium equivalent activity (Raeg) and external hazard index (Hex) of sediment

samples

Radium Outdoors

r%. Salnl:l)pl € Location eggxﬂ;e/nt _ Eti(atze;]c?l dﬁsbesfgtb_e?dD efaperéltji?I/e

Rée, index, Hex (nGyh™) dose, E1

(mSvyr~)
1 SE 1 Navy ghat 240.24 0.65 113.10 0.14
2 SE 2 Dearha 226.48 0.61 105.78 0.13
3 SE 3 Rajapur 231.65 0.63 107.34 0.13
4 SE 4 Singer chor 246.14 0.67 115.72 0.14
5 SE 5 Rahimnagar 190.90 0.52 90.66 0.11
6 SE 6 Ramnagar 225.92 0.61 106.00 0.13
7 SE 7 Bagmara 242.11 0.65 114.40 0.14
8 SE 8 Sigma 233.79 0.63 109.23 0.13
9 SE 9 Rupshabridge 221.83 0.60 104.47 0.13
10 SE 10 Nimtala 180.64 0.49 83.56 0.10
MIN 180.64 0.49 83.56 0.1
MAX 246.14 0.67 115.72 0.14
AVG 223.97 0.61 105.03 0.13
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Fig 4.14. Bar diagram shows the Radium equivalent activity in sediment samples
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Fig 4.15: Bar diagram shows external hazard index (Hex) in sediment samples
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Fig 4.16: Bar diagram shows absorbed dose rate (ADR) in sediment samples
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Table 4.11: Absorbed dose rate, D (nGyh*) and External hazard index (Hex) of River water

samples
Sl no. | SamplelID Location E)::%rg?l FEEX ?rd Qaezog)(eﬁ(gﬁsg
1 1RW Navy ghat 0.003 0.58
2 2RW Dearha 0.0006 0.09
3 3RW Rajapur 0.034 6.55
4 4 RW Singer chor 0.018 2.97
5 5RW Rahimnagar 0.004 0.7
6 6 RW Ramnagar 0.009 142
7 7 RW Bagmara 0.01 1.67
8 8 RW Sigma 0.008 1.36
9 9RW Rupsha bridge 0.005 0.8
10 10 RW Nimtala 0.01 1.58
Minimum 0.0006 0.09
Maximum 0.034 6.55
Average 0.01016 1.772
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Table 4.12: Annual effective dose (mSv) of Ra226, Th-232 & K-40 and Total dose (mSv)

for adult of tube-well water samples

Annual effective Total
Sino Salrr[l)ple Location Dose (mSv) dose
Ra226 | Th-232 | K-40 | (MSV)
1 1TWR Dearha 0.61 BDL BDL 0.61
2 2TWR Rajapur Bazar 0.47 BDL BDL 0.47
3 3TWR Rahimnagar 1.02 BDL BDL 1.02
4 4 TWR Bagmara 0.38 0.27 BDL 0.65
5 5TWR Rupsha bridge 0.57 0.10 BDL 0.67
6 6 TWR Nimtala 0.23 BDL 0.03 0.26
7 | 1Twv | Raapurvillage BDL 0.06 BDL 0.06
8 2 TWV | Khan Mohammadpur BDL BDL BDL BDL
9 3 TWV Aichgati BDL 0.10 BDL 0.10
10 | 4 TWV Joypur 0.16 ND BDL 0.16
11 | 5 TWV Rupsha ghat 0.45 0.02 BDL 0.47
12 6 TWV Elahipur 0.26 0.05 BDL 0.31
13 | 7. TWV Noeihaty 0.32 BDL BDL 0.32
14 8 TWV Kharabad 0.35 0.10 BDL 0.46
MIN BDL BDL BDL BDL
MAX 1.02 0.27 0.03 1.02
AVG 0.44 0.1 0.03 0.43

4.4  Radiological Indices

In order to assess the health effects, the radiation hazards such as absorbed dose rate (D),
outdoor annual effective dose (E), Radium equivaent activity (Rae) and externa hazard
index (Hex) have been calculated from the activity concentrations of 2°Ra, 2%2Th and “°K and
thevauesaregivenin Table 4.9 and Table 4.10.

From Table 4.9 & 4.10 it is seen that absorbed dose rate is 89.88 to 117.06 nGyhlwith an
average 106.13 nGyh for soil samples, for sediment samples it is 83.56 to 115.72 nGyh
with an average value of 105.03 nGyh and this vaue is higher than the world average 57
nGyht. The outdoor annual effective dose is 0.11to 0.14 mSvyr? with an average value of
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0.13 mSvyr! for soil sample, for sediment sample it is 0.10 to 0.14 with an average value of
0.13 which isless than the world average value of 0.480 mSvyr™.

The mean value of Radium equivalent activity is 226.99 BgK g™ for soil samples and 223.97
BgKg? for sediment samples. The Radium equivaent activity falls below the world average
value of 370 BgKg! (UNSCEAR, 2000). It is apparent that the Radium equivalent activity
originating from different regions shows some variations, which are likely to be related to the
position of collected soil samples, sediment samples, water samples, transport process etc.
Thisisimportant in selecting suitable soils, sediment, water and rice not only for construction
but also for agriculture purposesin order to keep the radiation hazard minimum.

The mean value of externa radiation hazard index was 0.61 for soil samples and 0.61 for
sediment samples which was far less than the unity indicating the non-hazardous category of
the samples. The values of hazard indices confirmed that it was safe for human to live and
work at that area and there were yet no significant radiological impact on the environment
revealed from this study. The values found from the current study were compared with those
of other published data in home and abroad and also assured that the radioactivity level was
within the safety limit yet.
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CHAPTER YV

Conclusions

The detection of radionuclides and estimation of their activity concentration, radiological
impact in the collected soil, sediment and water samples have been done by gamma
spectrometry technique which is the most reliable and well-established method for
radioactivity analysis. The measurement showed that only naturally occurring radionuclides
were present in the collected samples. The activity concentration of 3Cs which is the only
man-made radionuclide was below the minimum detectable limit. This implies that the
samples studied were free from artificiad radionuclide. The natural radioactivity
concentrations of 2?°Ra, 2*2Th for the soil and sediment samples are sightly higher than the
worldwide average values but for “°K,, it is significantly higher than the worldwide average
value. The activity concentrations of water samples do not show any maor evidence of
radioactive contamination. The values of mean absorbed dose rates are higher than
worldwide average value of 55 nGyh™ and annual effective dose are approximately same to
the world wide average value of 0.115 mSvyr(UNSCEAR, 2000) for soil and sediment
samples. Whereas, the mean values of radium equivalent activity and external hazard index
determined in soil and sediment samples of the area under the study are lower than the
corresponding permissible limits (370 Bg.Kgtand 1). The current results are also compared
to the other parts of the country and abroad. However, these values of doses are much below
the permissible level set by ICRP, and, therefore, there is no immediate health risk on
workers and public due to natural or artificial radioactivity present in the samples of present
study. Therefore, the area under present study may be termed as radiologically safe.
Nevertheless, elevated level of health risk may be caused due to natural terrestrial radiation
from these environmental elements on the inhabitants of this area if the uncontrolled
industrial process and agricultural activities continue. This study also provides current
exposure level and base-line database for the development of future guidelines in the country

or in a neighbouring country.
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Future Plan

In further studies, more samples from each sampling area need to be collected in order to
obtain more accurate data. Due to time limitations, the determination of activity concentration
for each sample was measured only one time. Ideally, the measurements should to be
repeated in order to obtain good statistical precision. Further studies need to be carried out in
order to allow comparison with areas in which there is no utilization of fertilizers or no
industrial activities like brick fields. Future work also need to be carried out into all over
Bangladesh. Since the gamma spectroscopy results using one sample from each location
indicate that radioactivity levels of the samples under study are sightly higher than the world
average value, it is recommended that further studies with large representation of samples
should be conducted. For the development of future guidelines in the country a more enriched
and informative base-line database should be planned and the current study providing current

exposure level will hopefully have a good contribution on it.
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